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PESTICIDE  PROGRAMS 

Guidelines  for  Registering  Pesticides  in  the 
United  States 

On  October  16,  1974,  the  Environ¬ 
mental  Protection  Agency  (EPA)  pub¬ 
lished  in  the  Federal  Register  (39  FR 
36976)  proposed  regulations  for  the 
registration,  re-registration  and  classi¬ 
fication  of  pesticides  under  section  3  of 
the  Federal  Insecticide,  Fungicide,  and 
Rodenticide  Act  (FIFRA),  as  amended 
(7  U.S.C.  136  et  seq.)  In  that  publication, 
as  well  as  in  the  Federal  Register  issued 
October  23,  1974  (39  FR  37670),  notice 
was  given  that  preliminary  draft  Regis¬ 
tration  Guidelines,  §§  162.40,  162.63- 

162.82,  (hereafter  referred  to  as  “Guide¬ 
lines”)  had  been  made  available  for  pub¬ 
lic  review  at  the  Environmental  Protec¬ 
tion  Agency’s  Headquarters  in  Washing¬ 
ton,  D.C.  and  at  the  Regional  Offices,  and 
that  the  Agency  later  would  issue  these 
Guidelines  as  formal  proposals  for 
comment. 

The  Guidelines  were  initially  organized 
into  8  major  parts,  but  have  since  been 
expanded  with  the  addition  of  Section 

162.83,  Packaging,  storage  and  disposal. 
Sections  162.40,  162.63-162.82  have  been 
completed  and  are  presented  here  for 
public  comment.  Section  162.41  Registra¬ 
tion  procedures.  §  162.52,  Experimental 
use  permits,  §  162.83  Petitions  for  toler¬ 
ances,  and  §  162.94  Packaging,  storage 
and  disposal  are  not  included  at  this 
time.  Upon  their  completion,  these  sec¬ 
tions  will  be  issued  as  formal  proposals 
for  comment  and  will  subsequently  be 
added  to  the  Guidelines. 

Section  162.40  consists  of  introductory 
material  describing  the  scope  and  the 
intent  of  the  Guidelines.  Section  162.63 
offers  guidance  to  the  registrant  on  data 
required  to  substantiate  proposed  claims 
for  product  performance.  Section  162.71 
addresses  the  factors  that  must  be  con¬ 
sidered  by  the  applicant  in  the  develop¬ 
ment  of  the  product  label.  Section  162.77, 
Chemistry,  relates  to  data  necessary  for 
the  general  evaluation  of  products  and 
individual  ingredients.  Section  162.80  de¬ 
scribes  the  data  required  of  the  applicant 
to  evaluate  product  hazard  to  humans, 
domestic  animals,  fish  and  wildlife.  In 
recognition  of  the  fact  that  the  nature  of 
required  data  often  depends  upon  spe¬ 
cific  product  parameters,  data  are  de¬ 
scribed  as  either  xmconditionally  re¬ 
quired,  in  which  case  it  is  required  of  all 
pesticides,  or  conditionally  required,  in 
which  case  the  product  parameters  are 
specified. 

This  copy  of  the  Guidelines  consti¬ 
tutes  the  seventh  version  of  the  manu¬ 
script.  Copies  of  drafts  1  (January  3, 
1972)  and  2  (May  1,  1972)  were  circu¬ 
lated,  on  a  limited  basis,  to  segments  of 
the  pesticide  industry  and  to  interested 
government  agencies.  Draft  3  (dated 
March  21,  1973)  was  submitted  to  sqme 
200  reviewers  representing  other  Agency 
programs,  other  Federal  agencies,  pesti- 
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cide  manufacturing  groups,  user  groups, 
the  National  Agricultural  Chemical  As¬ 
sociation  (NACA),  environmentalist 
groups.  State  Agricultural  Experiment 
Station  personnel,  the  academic  com¬ 
munity  and  scientific  associations.  Based 
on  their  reviews,  draft  4  (November  30, 
1973)  was  prepared.  Many  specific  and 
general  comments  received  on  draft  4 
were  collated  and  individually  assessed 
by  joint  ad  hoc  committees  comprised 
of  personnel  from  OPP  and  the  Chair¬ 
man  of  the  Guidelines  Committee  of 
NACA.  Draft  5  (October  1974)  of  the 
document  imderwent  interagency  review 
and  refiects  other  agencies’  comments. 
Draft  6  reflects  further  refinements  of 
draft  5. 

Significant  comments  received  during 
the  development  of  the  document  were 
limited  to  four  main  areas.  One,  com¬ 
ments  were  critical  of  apparent  inflex¬ 
ibility  of  the  Guidelines.  Comments  in¬ 
dicated  the  Guidelines  were  too  dogmatic 
and  suggested  dropping  the  strong,  hard¬ 
line  attitude  for  a  more  relaxed  attitude 
offering  examples  of  suggested  methods 
rather  than  required  method#.  Two,  some 
comments  concerning  genetic  activity  of 
pesticides  could  not  be  adequately  in¬ 
cluded  because  the  state  of  the  art  of 
genotoxic  testing  and  evaluation  is  not 
sufficiently  well  developed.  The  Science 
Advisory  Board  of  EIPA  has  been  asked 
to  review  this  subject  at  the  same  time 
EPA  is  receiving  public  comment  on  these 
guidelines.  As  further  acceptable  and 
substantive  information  and  test  proto¬ 
cols  (related  especially  to  toxicological 
effects)  become  available,  however,  they 
will  be  incorporated  into  the  Guidelines 
and  the  Appendices,  Three,  chemistry 
data  requirements  were  subjected  to  con¬ 
siderable  criticism.  Chemistry  data  re¬ 
quirements  are  still  stringent,  but  not  as 
much  as  in  the  original  document.  Four, 
comments  expressed  difficulty  with  the 
organization  of  the  original  document. 
As  a  result  of  the  comments,  a  careful 
editorial  review  was  made  in  which  the 
chapters  were  reorganized  and  new  chap¬ 
ter  headings  were  created. 

Overview 

This  Agency  is  required  to  publish 
guidelines  specifying  the  kinds  of  infor¬ 
mation  which  will  be  required  to  support 
the  registration  of  a  pesticide.  Moreover, 
the  Act  requires  the  Administrator  to 
register  a  pesticide  if  he  determines  that, 
when  considered  with  any  imposed  re¬ 
strictions; 

(1)  Its  composition  is  such  as  to  war¬ 
rant  the  proposed  claims  for  it; 

(2)  Its  labeling  and  other  material  re¬ 
quired  to  be  submitted  comply  with  the 
requirements  of  this  Act; 

(3)  It  will  perform  its  intended  func¬ 
tion  without  unreasonable  adverse  ef¬ 
fects  on  the  environment;  and 

(4)  When  used  in  accordance  with 
widespread  and  commonly  recognized 
practice  it  will  not  generally  cause  un¬ 
reasonable  adverse  effects  on  the  envi¬ 
ronment. 

1.  SECTION  162.63.  PRODUCT  PERFORMANCE 

The  develc^ment  of  a  substance  or 
mixture  of  substances  into  a  pesticide 


must  include  preliminary  tests  to  evalu¬ 
ate  its  effectiveness  and  its  usefulness. 
A  product  must,  of  course,  be  effective 
to  be  useful,  and  its  usefulness  is  negated 
if,  for  example,  it  also  kills  desirable 
plants,  causes  harm  to  non-target  sp>ecies 
or  has  other  deleterious  effects.  Effec¬ 
tiveness  ascertains  the  product’s  ability 
to  control  tJie  specified  target  pest  or 
produce  the  specified  plant  action.  Use¬ 
fulness  ascertains  man’s  ability  to  apply 
the  product  according  to  the  directions 
and  cautions  on  the  label  without  causing 
unreasonable  adverse  effects.  Laboratory, 
greenhouse  and/or  small  plot  field  test¬ 
ing  are  conducted  to  determine  the  in¬ 
herent  effectiveness  of  a  substance 
against  specific  pest  organisms.  Once  this 
is  established,  evidence  of  the  effective¬ 
ness  and  usefulness  of  the  proposed  prod¬ 
uct  is  augmented  through  advanced 
large-scale  laboratory  and/or  field-test¬ 
ing  procedures  which  closely  approach 
actual  commercial  use  and  which  em¬ 
ploy  commercial  application  equipment. 

The  actual  test  procedures  will  vary 
according  to  the  chemical  characteris¬ 
tics,  the  type  of  formulation  and  packag¬ 
ing,  the  dosage  rates  or  use  dilutions,  the 
methods  and  timing  of  application,  and 
the  target  pest.  Certain  basic  techniques 
are  essential,  however,  as  outlined  imder 
General  Considerations  in  this  section. 
This  section  also  includes  specific  prob¬ 
lems  as  discussed  under  Special  Consid¬ 
erations.  Because  an  acceptable  test  for 
one  product  or  use  may  not  be  valid  to 
support  another  product  intended  for 
the  same  use  or  for  the  same  product 
intended  for  even  a  slightly  different 
use,  it  is  impossible  to  specify  manda¬ 
tory  methods  in  this  guide.  Suggestions 
are  provided  in  the  Appendices,  but  the 
registrant  or  his  testing  agent  must  be 
responsible  for  the  validity  of  the  par¬ 
ticular  test  or  tests  employed.  The  re¬ 
lationship  of  the  product  performance 
test  results  to  label  directions  for  use 
and  limitations  is  presented  in  §  162.64, 
Label  development. 

2.  SECTION  162.71.  LABEL  DEVELOPMENT 

Clear  and  easily  understood  labeling 
is  essential  to  the  proE>er  use  of  any  pes¬ 
ticide.  The  Agency  has  a  continuing  in¬ 
terest  in  the  improvement  of  the  quality 
of  pesticide  labels.  Section  162.10  of  the 
regulations,  dealing  with  the  registra¬ 
tion  and  classification  of  pesticides, 
treats  in  detail  the  labeling  requirements 
of  FIFRA,  as  amended,  and  attempts  to 
improve  the  communicative  value  of 
labels  and  labeling  by  complete  cover¬ 
age  of  required  warnings  and  precau¬ 
tionary  stet^ents,  statement  of  use 
classification,  labeling  format,  which 
must  be  considered  in  developing  ac¬ 
ceptable  labeling. 

Parameters  which  must  be  considered 
in  develc^ing  acceptable  labeling  are 
treated  in  the  Guidelines  under  subsec¬ 
tions  entitled  General  Comments  and 
Specific  Comments.  The  information 
contained  imder  General  Comments  per¬ 
tains  to  all  pesticide  products  and  pro¬ 
vides  guidance  on  acceptable  claims,  di¬ 
rections  for  use,  limitations  for  use,  and 
precautionary  statements.  Additional 
detailed  information  for  specific  types 
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of  products  Is  provided  under  the  Spe¬ 
cific  Comment  subsection.  ^ 

3.  SECTION  162.77.  CHEMISTRY 

The  physical  and  chemical  nature  of 
a  pesticide.  Its  metabolites  and  degra¬ 
dation  products  are  important  determi¬ 
nants  of  potential  hazard.  This  section 
is  divided  into  two  parts.  The  first,  Gen¬ 
eral  Product  Chemistry,  relates  the  data 
necessary  for  the  basic  manufacturing 
process,  information  required  for  active 
and  inert  Ingredients,  assay  and  impu¬ 
rity  assessment  for  technical  products, 
information  required  for  formulations, 
storage  stability  data,  and  residue  infor¬ 
mation  for  pesticides  on  tobacco.  The 
second  part.  Environmental  Chemistry, 
discusses  the  following  studies  to  meas¬ 
ure  the  environmental  impact  of  pesti¬ 
cides:  pesticide  fate  and  movement 
studies,  pesticide  residue  studies,  photo- 
degradation,  volatilization,  and  microbio¬ 
logical  studies. 

On  June  23,  1970,  the  Agency  notified 
persons  responsible  for  Federal  registra¬ 
tion  of  pesticides  of  studies  that  were 
determined  to  be  necessary  to  determine 
the  impact  of  pesticides  on  the  environ¬ 
ment  (PR  Notice  70-50).  These  studies 
are  designed  to  characterize  the 
potential  environmental  significance  of 
the  various  biological,  chemical  and 
physical  processes  that  occur  with  the 
dissipation  of  pesticides.  These  studies 
are  maintained  in  the  Guidelines  as  the 
bases  for  many  of  the  present  test  re¬ 
quirements.  Studies  called  for,  among 
other  things,  the  rate  of  dissipation  of 
the  pesticide  in  soil,  the  mechanism  of 
degradation  of  the  pesticide  residues,  ac¬ 
cumulation  studies  of  the  parent  com¬ 
pound  and  principle  metabolites  in  fish, 
rabbit,  bird  tissue,  leaching  studies,  and 
studies  to  determine  pesticide  fate  and 
movement  in  water.  To  these  the  Guide¬ 
lines  have  added  volatilization  studies  as 
a  new  environmental  chemistry  require¬ 
ment  designed  to  test  pesticides  for  out¬ 
door  uses. 

4.  SECTION  162.80.  HAZARD  EVALUATION 

Toxicological  effects  depend  upon  the 
chemical  properties  of  the  pesticide,  the 
life  stage  of  the  exposed  organisms,  and 
the  environmental  conditions  at  the  time 
of  exposure.  The  toxic  effects  can  be  such 
that  they  may  cause  immediate  death, 
reduced  activity,  paralysis,  or  other  de¬ 
bilitations.  Short-term  acute  effects  may 
occur  when  a  highly  reactive  compound 
acts  upon  a  particular  state  of  an  animal 
or  plant.  In  the  case  of  long-term  or 
chronic  effects,  subtle  detrimental  effects 
such  as  behavioral  changes  and  induc¬ 
tion  of  tumors  may  appear  after  a  period 
of  time. 

Section  162.80  discusses  the  toxicologi¬ 
cal  information  necessary  to  assess 
toxicity  to  man  and  domestic  animals, 
and  fish  and  wildlife.  It  sets  forth  meth¬ 
ods  for  collecting  and  reporting  toxicity 
data  which  an  applicant  for  registration 
or  reregistration  of  a  product  must  pro¬ 
vide  to  the  Agency  pursuant  to  40  CFR 
162.8.  This  toxicity  data  enables  the 
Agency: 

(1)  To  determine  whether  registration 
should  be  approved  and  whether  the 


PROPOSED  RULES 

pesticide  product  should  be  classified  for 
general  use  or  restricted  use  according  to 
the  criteria  of  40  CFR  162.11; 

(2)  To  determine  whether  the  pro¬ 
posed  labeling  contains  adequate  precau¬ 
tions  and  warnings  to  protect  pesticide 
users,  exposed  humans,  domestic  animals, 
fish  and  wildlife; 

(3)  To  establish  residue  tolerances  to 
protect  consumers  of  exposed  foods;  and 

(4)  To  determine  conditions  vmder 
which  farm  workers  can  reenter  treated 
fields. 

a.  Hazards  to  humans  and  domestic 
animals.  In  the  early  1950’s  toxicological 
requirements  for  registration  of  a  pesti¬ 
cide  was  generally  limited  to  an  acute 
oral  study  (single  dose)  and  a  subacute 
study  (30  to  90  day  exposure).  There 
was  little  concern  at  that  time  for  the 
possible  effects  on  people  of  long-term, 
low  level  exposure  to  pesticides.  The 
situation  is  very  different  today.  An  in¬ 
creased  awareness  exists  of  the  jjossible 
long-term  impact  of  pesticides  on  man 
and  the  environment.  Along  with  this  in¬ 
creased  public  awareness  has  been  the 
development  of  powerful  analytical 
methods  of  detecting  trace  amounts  of 
pesticide  residues  and  of  new  test  sys¬ 
tems  for  evaluating  the  teratogenic,  on¬ 
cogenic,  and  mutagenic  potential  of 
chemlcaLs. 

Regulations  issued  under  the  amended 
FIFRA  specify  conditions  under  which 
an  evaluation  of  the  teratogenic,  onco¬ 
genic,  and  mutagenic  potential  of  chemi¬ 
cals.  These  conditions,  which  are  detailed 
in  the  Guidelines,  increase  the  number  of 
pesticides  that  require  such  evaluation. 
However,  In  most  cases  information  is 
required  on  an  active  ingredient  basis 
and  therefore  testing  does  not  have  to  be 
performed  for  each  individual  product 
for  which  an  application  for  registration 
is  submitted,  m  addition  to  the  onco¬ 
genic  study,  a  requirement  is  condition¬ 
ally  specified  in  the  Guidelines  for  a 
two-year  feeding  study  on  appropriate 
test  animals.  The  Agency  recognizes  that 
the  two-year  feeding  study  and  the  on¬ 
cogenic  study  can  be  combined  into  a 
single  test  if  correct  protocols  are  ob¬ 
served.  However,  two  rather  than  one 
test  are  specified  to  emphasize  the 
Agency’s  requirement  of  well  designed 
studies  for  oncogenic  evaluation. 

In  the  past  if  a  pesticide  received  a 
negligible  tolerance  for  food  or  feed  use 
only  subacute  testing  was  required.  These 
Guidelines,  in  conjunction  with  regula¬ 
tions  Issued  imder  the  amended  Act,  re¬ 
quire  the  evaluation  of  oncogenic,  chronic 
feeding  and  reproduction  effects  for  all 
pesticides  that  have  food  or  feed 
>uses,  unless  specific  exemptions  frcxn 
such  requirements  are  given  by  the  Agen¬ 
cy.  'These  requirements  are  prompted  by 
the  fact  that  even  low  pesticide  residue 
levels  in  the  hiunan  diet  cannot,  in  gen¬ 
eral.  be  equated  to  toxicologiccd  insignifi¬ 
cance. 

Often  conditionally  required  tests  de¬ 
scribed  in  the  Guidelines  are  acute  and 
subacute  inhalation  tests,  subacute 
dermal  and  oral  tests,  neurotoxicity 
teets,  and  metabolism  and  potentiation 
studies.  In  addition,  requir^  tests  for 
all  pesticide  registrations  include  acute 
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oral  LD-50,  acute  dermal  LD-50  and  pri¬ 
mary  dermal  irritation  and  primary  eye 
irritation.  The  requirements  for  these 
acute  and  subacute  tests  are  not  changed 
by  the  Guidelines. 

EPA  published  worker  protection 
standards  for  agricultural  pesticides  on 
May  10,  1974.  Included  in  these  were 
labd  requirements  specifying  a  permis¬ 
sible  reentry  data  will  be  required  for 
cholinesterase  inhibiting  pesticides.  The 
Guidelines  reflect  this  new  data  require¬ 
ment. 

b.  Hazards  to  fish  and  wildlife.  To  re¬ 
duce  the  possible  adverse  effects  which 
might  result  from  fish  and  wildlife  being 
exposed  to  quantities  of  pesticides  in  the 
environment,  data  must  be  secured  for 
pesticides  that  will  be  used  outdoors  or 
that  may  contaminate  water  or  other 
environmental  resources. 

Acute  and  subacute  toxicities  are  the 
initial  criteria  by  which  potential  hazard 
to  fish  and  wildlife  is  evaluated.  To  pro¬ 
vide  a  more  complete  environmental 
evaluation,  the  Agency  has  added  to  the 
Guidelines  two  fundamental  acute  tests 
and  one  chronic  residue  study.  The  two 
acute  tests  are  the  avian  acute  oral 
LD-50  and  the  Invertebrate  acute  toxic¬ 
ity.  The  avian  acute  oral  had  been  re¬ 
quired  up  until  1971  at  which  time  the 
avian  subacute  dietary  LC-50  replaced 
this  test.  It  is  now  felt  that  the  avian 
acute  oral  LD-50  data  is  important  for 
pesticide  registration  and  has  been  re¬ 
incorporated  as  a  basic  test  along  with 
the  avian  subacute  dietary  LD-50,  fish 
acute  toxicity,  and  invertebrate  acute 
toxicity.  Invertebrate  acute  toxicity  data 
are  required  for  sensitive  aquatic  in¬ 
vertebrates.  As  a  conditional  test,  sub¬ 
acute  or  chronic  fish  and/or  inverte¬ 
brate  reproduction  studies  normally  will 
be  required  if  the  pesticide  is  used  in,  or 
likely  to  contaminate,  aquatic  environ¬ 
ments.  In  addition,  other  conditional 
tests  for  fish  and  wildlife  include  mam¬ 
malian  toxicity  data  as  required  for 
evaluating  hazard  to  humans  and  do¬ 
mestic  animals,  acute  toxicity  data  (LC- 
50,  96-hour  protocol)  for  shrimp,  crabs, 
and  oyster  larvae,  satisfactory  evidence 
that  the  pesticide  will  not  cause  unrea¬ 
sonable  adverse  effects  on  the  flora  and 
fauna  In  aquatic  environments,  repro¬ 
duction  studies  on  two  species  of  birds, 
and  any  other  toxicity  data  beyond  those 
outlined  In  this  section  as  requested  on 
an  individual  basis. 

Legal  Status 

Section  3(c)  (2)  of  the  FIFRA  pro¬ 
vides  that  the  “Administrator  shall  pub¬ 
lish  guidelines  specifying  the  kinds  of 
information  which  will  be  required  to 
support  the  registration  of  a  pesticide 
and  shall  revise  such  guidelines  from 
time  to  time.”  Furthermore,  Agency  is 
required  to  follow  the  provisions  of  the 
Administrative  Procedure  Act  (APA). 
The  APA  (5  U.S.C.  et  seq.)  defines  “rule” 
to  mean: 

*  *  *  the  whole  or  part  of  an  agency 
statement  of  general  or  particular  applica¬ 
bility  of  future  effect  designed  to  Implement, 
Interpret,  or  prescribe  law  or  policy  or  de¬ 
scribing  the  organization,  procedure  or  prac¬ 
tice  requirements  of  an  agency  •  •  • 


FEDERAL  REGISTER,  VOL.  40,  NO.  123— WEDNESDAY,  JUNE  25,  1475 


26804 


PROPOSED  RULES 


The  issuance  of  the  Guidelines  Is  an 
implementation  of  the  amended  FIFRA, 
and.  therefore,  imder  this  definition,  con¬ 
stitutes  nilemaking.  The  APA  establishes 
two  tsrpes  of  rulemaking  procedures:  “in¬ 
formal”  and  “formal”  or  adjudicatory 
rulemaking.  Formal  rulemaking  proce¬ 
dures  generally  are  require^  when  the 
statute  concerned  expressly  requires  that 
rulemaking  be  conducted  “on  the  rec¬ 
ord.”  FIFRA  imposes  no  such  require¬ 
ments;  therefore,  informal  rulemaking 
procedures  are  applicable  to  the  Guide¬ 
lines. 

The  Guidelines  are  to  be  used  in  con¬ 
junction  with  Title  40,  Code  of  Federal 
RegiUations,  Part  162,  Regulations  for 
the  Registration,  Reregistration  and 
Classification  of  Pesticides  imder  the 
Federal  Insecticide,  Fungicide,  and  Ro- 
denticide  Act.  Other  parts  of  40  CFR 
that  are  pertinent  to  the  registration  of 
pesticides  include  Part  163,  Certification 
of  Usefulness  of  Pesticide  Chemicals; 
Part  165,  Regulations  for  the  Acceptance 
of  Certain  Pesticides  and  Recommended 
Procedures  for  the  Disposal  and  Storage 
of  Pesticides  and  Pesticide  Containers; 
Part  170,  Worker  Protection  Standards 
for  Agricultural  Pesticides;  and  Part  180, 
Tolerances  and  Exemptions  from  Toler¬ 
ances  for  Pesticide  Chemicals  in  or  on 
Raw  Agricultural  Commodities. 

Purpose 

The  overall  purpose  of  the  Guidelines 
is  to  inform  interested  members  of  the 
general  public  of  the  factors  entering  into 
the  pesticide  registration  process,  to  en¬ 
courage  and  enhance  the  ability  of  the 
applicant  for  registration  to  present  an 
adequate  and  completely  documented  ap¬ 
plication,  and  to  assist  the  Agency  in 
expediting  the  review  procedure.  Such 
guidance  will  reduce  some  of  the  uncer¬ 
tainty  associated  with  achieving  com¬ 
pliance  with  the  requirements  for  reg¬ 
istration.  The  Agency  believes  that  the 
decisions,  allowing  for  the  range  of  vari¬ 
ables  involved  in  pesticide  Guidelines  as 
proposed  will  apply  to  the  vast  majority 
of  registration  decisions,  allowing  for 
the  range  of  variables  involved  in  pesti¬ 
cide  registration. 

Flexibility  is  a  key  element  of  the 
Guidelines;  as  new  material  is  developed 
to  suit  changing  technology,  the  existing 
document  will  be  expanded  and  modified. 
Entire  parts  may  be  added  or  deleted  as 
new  policies  and  requirements  are  estab¬ 
lished,  new  test  procedures  introduced, 
or  Agency  procedures  changed.  The 
Agency  may  modify  the  data  require¬ 
ments  in  support  of  a  particular  appli¬ 
cation  if*  additional  data  is  required  to 
assess  the  product.  On  the  other  hand, 
if  an  applicant  questions  the  applicability 
of  the  Guidelines  to  his  own  situation,  he 
may  propose  for  approval  an  alternative 
approach  better  suited  to  his  case.  The 
Guidelines  therefore  are  designed  to 
serve  the  public  interest  without  estab¬ 
lishing  requirements  which  are  infiexible 
or  inappropriate  to  particular  registra¬ 
tion  acticms. 

Appendices  to  Guidelines 

The  significance  and  validity  of  infor¬ 
mation  required  by  the  Guidelines  de¬ 


pend  on  the  test  procedures  employed 
to  develop  it.  Thus,  the  Guidelines  are 
accompanied  by  the  Appendices  describ¬ 
ing  test  proc^ures  which  have  been 
determined  to  be  adequate  to  provide 
data  satisfying  registration  in  the  ma¬ 
jority  of  cases.  Such  a  comprehensive 
step  has  not  been  taken  in  the  past  with 
respect  to  Federal  regulation  of  pesti¬ 
cides.  The  Appendices  describe  those  test 
methods,  procedures,  or  protocols  re¬ 
lated  to  developing  registration  data  for: 

(1)  Product  efficacy;  (2)  environmental 
chemistry;  and  (3)  hazards  to  humans 
and  domestic  animals  and  fish  and  wild¬ 
life.  Because  of  the  diversity  of  the  ma¬ 
terials,  the  information  is  presented  in 
several  formats: 

( 1 )  Bibliographic  citations  only,  where 
material  cited  is  available  in  open  litera¬ 
ture  and  the  method  or  protocol  is  ac¬ 
ceptable  precisely  as  presented. 

(2)  Annotated  bibliographic  citations, 
where  a  modification,  adaptation,  or  ex¬ 
planatory  statement  is  necessary  for  ac¬ 
ceptable  data  development  for  registra¬ 
tion. 

(3)  Full  text  (with  source  credit)  of 
unpublished  methods  or  protocols  of 
those  that  are  not  readily  available. 

(4)  Full  text  of  procedures  compiled 
from  several  sources,  authorities,  or  ref¬ 
erences. 

The  Appendices  are  divided  into  sub¬ 
ject  headings  which  correspond  to  the 
Guidelines.  Some  parts  covering  several 
types  of  pesticide  products  may  be  fur¬ 
ther  divided  alphabetically  into  subparts. 
Part  IV.  A,  for  example,  will  cover  prod¬ 
uct  performance  related  to  aquatic  pest 
control  agents;  Part  IV.  B,  product  per¬ 
formance  related  to  aquatic  pest  control 
agents.  Subject  headings  presently  des¬ 
ignated  “reserved”  will,  as  the  Appen¬ 
dices  are  progressively  developed,  con¬ 
tain  other  material  that  may  assist  a 
registrant  in  compiling  data  or  in  com¬ 
pleting  application  packages. 

The  Appendices  contain  examples  of 
test  procedures  that  are  acceptable  to 
the  Agency.  However,  the  Agency  recog¬ 
nizes  that  applicants  may  be  aware  of 
other  test  procedures  which  are  equally 
effective  for  particular  purposes  and 
that  new  procedures  will  be  developed 
in  the  future.  It  also  recognizes  that  the 
test  methods  described  in  the  Appen¬ 
dices  sometimes  may  not  be  well  suited 
to  the  evaluation  of  certain  products. 
Therefore,  applicants  for  re^tration 
may  be  permitted  to  use  procedures 
other  than  those  set  out  in  the  Appen¬ 
dices,  provided  that  the  new  methods 
do  not  detract  from  the  intent  and  reli¬ 
ability  of  the  Guidelines/ Appendices. 
Similarly,  applicants  may  be  sometimes 
required  to  use  other  procedures  if  the 
protocols  in  the  Appendices  are  not  ap¬ 
plicable.  In  all  cases,  the  burden  is  on 
the  applicant  to  exercise  his  best  scien¬ 
tific  judgment. 

Means  of  Issuance 

The  Guidelines  and  Appendices  will 
be  published  in  the  Federal  Register  in 
final  form  with  such  changes  as  the 
Agency  deems  warranted  upon  consider- 
aticm  of  all  comments.  In  order  to  facili¬ 


tate  their  use,  these  documents  and  sub¬ 
sequent  amendments  will  thereafter  be 
published  in  a  loose-leaf  format,  which 
will  be  available  on  a  subscription  basis 
from  the  Government  Printing  Office, 
Washington  DC  20402.  The  loose-leaf 
format  will  allow  quick  and  easy  inser¬ 
tion  and  deletion  of  material. 

The  Guidelines  and  Appendices  are 
not  intended  to  be  static.  As  new  mate¬ 
rial  is  developed,  the  existing  documents 
will  be  expanded  and  modified.  Any  ma¬ 
jor  changes  will  be  made  in  accordance 
with  the  informal  rulemaking  proce¬ 
dures  of  the  APA.  Changes  to  the  Guide¬ 
lines  and  Appendices  which  are  routine 
or  insignificant  in  nature  or  impact,  and 
therefore  unimportant  to  the  industry 
and  the  public  will  be  adopted  without 
prior  notice  and  opportunity  to  com¬ 
ment,  pursuant  to  the  provisions  of  the 
APA  authorizing  such  procedures  where 
the  Agency  finds  that  notice  and  com¬ 
ment  are  either  impr8u;ticable,  unneces¬ 
sary,  or  contrary  to  the  public  interest. 

Public  Comment 

Interested  persons  are  invited  to  sub¬ 
mit  written  comments  with  reference  to 
this  notice  to  the  Federal  Register  Sec¬ 
tion,  Technical  Services  Division  (WH- 
569),  Office  of  Pesticide  Programs,  En¬ 
vironmental  Protection  Agency,  Room 
401,  East  Tower,  401  M  Street,  SW., 
Washington,  D.C.  20460.  Three  copies  of 
the  comments  should  be  submitted  to 
facilitate  the  work  of  the  Environmental 
Protection  Agency  and  others  Interested 
in  inspecting  the  documents.  The  com¬ 
ments  must  be  received  on  or  before 
August  27,  1975,  and  should  bear  the 
identifying  notation  OPP-30004.  All 
written  comments  filed  pursuant  to  this 
notice  will  be  available  for  public  in¬ 
spection  in  the  Federal  Register  Section, 
Office  of  Pesticide  Programs,  from  8:30 
am.  to  4  p.m.  Monday  through  Friday. 
A  limited  supply  of  copies  are  available 
at  EPA  Headquarters,  Room  509  East 
Tower. 

Dated:  June  3,  1975. 

Russell  E.  Train, 
Administrator. 

Part  162  of  40  CFR  is  amended  by  add¬ 
ing  S§  162.40  through  162.96  to  read  as 
follows; 

General 

Sec. 

162.40  Scope  and  intent  guidelines. 

Registration  Procedures 
I  162.41-162.51  [Reserved] 

Experimental  Use  Permits 
162.52-162.62  [Reserved] 

Product  Performance 

162.63  Overview. 

16^64  General  considerations. 

162.65  Specific  considerations:  Antimicro¬ 

bial  agents. 

162.66  Specific  considerations:  Aquatic  pest 

control  agents. 

162.67  Specific  considerations:  Fungicides 

and  nematicides. 

162.68  Specific  considerations:  Herbicides, 

plant  regulators,  desiccants  and 

defoliants. 
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162.69  Specific  considerations:  Invertebrate 

control  agents. 

162.70  Specific  considerations:  Vertebrate 

control  agents. 

Label  Developbunt 

162.71  General  comments. 

162.72  Specific  comments  on  antimicrobial 

agents. 

162.73  Specific  comments  on  aquatic  pest 

control  agents. 

162.74  Specific  comments  on  fungicides  and 

nematlcldes. 

162.75  Specific  comments  on  Invertebrate 

control  agents. 

162.76  Specific  conunents  on  vertebrate 

control  agents. 

Chemistry 

162.77  Overview. 

162.78  General  product  chemistry. 

162.79  Environmental  chemistry. 

Hazard  Evaluation 

162.80  Overview. 

162.81  Hazards  to  humans  and  domestic 

animals. 

162.82  Hazards  to  fish  and  wildlife. 

Petitions  for  Tolerances 
162.83-162.93  (Reserved] 

Packaoino,  Storage  and  Disposal 
162.94-162.96  [Reserved] 

Authority:  Sec.  8.  Federal  Insecticide. 
Fungicide,  and  Rodentlclde  Act,  as  amended 
(7  U.S.C.  136  et  seq.). 

General 

§  162.40  Scope  and  intent  of  guidelines. 

(a)  The  legislative  authority  for  pesti¬ 
cide  registration  is  the  Federal  Insecti- 
clde.  Fungicide,  and  Rodenticide  Act 
(FIFRA) ,  Pub.  L.  88-305,  as  amended  by 
the  Federal  Environmental  Pesticide 
Control  Act  of  1972,  Pub.  L.  92-516.  The 
Administrator  of  the  Environmental 
Protection  Agency  is  authorized  by  sec¬ 
tion  3(c)  (5)  of  the  amended  FIFRA  to 
register  a  pesticide  if  he  determines  that, 
when  considered  with  any  imposed  re¬ 
strictions: 

(1)  Its  composition  is  such  as  to  war¬ 
rant  the  proposed  claims  for  it; 

<2)  Its  labeling  and  other  material  re¬ 
quired  to  be  submitted  comply  with  the 
requirements  of  this  Act; 

(3)  It  will  perform  its  intended  func¬ 
tion  without  unreasonable  adverse  effects 
on  the  environment;  and 

(4)  When  used  in  accordance  with 
widespread  and  commonly  recognized 
practice  it  will  not  generally  cause  un¬ 
reasonable  adverse  effects  on  the  en¬ 
vironment. 

If  the  Administrator  determines  that  all 
of  these  requirements  are  satisfied,  the 
registration  application  will  be  approved. 
To  enable  this  determination,  the  appli¬ 
cant  for  registration  must  provide  data 
In  support  of  the  application  which  is 
used  to  define  its  composition,  to  estab¬ 
lish  its  efficacy,  and  to  evaluate  the 
hazard  it  poses. 

(b)  Section  3(c)  (2)  of  the  Act  provides 
that  the  Administrator  shall  publish 
guidelines  specifiring  the  kinds  of  infor¬ 
mation  which  will  be  required  to  support 
the  registration  of  a  pesticide.  This  pub¬ 
lication  meets  the  requirement  of  section 
3(c)  (2).  Its  purpose  is  threefold:  (1)  Tb 


inform  applicants  of  the  correct  proce¬ 
dures  for  registration  and  to  explain  the 
data  requirements  for  registration  set  out 
in  the  regulations  under  section  3  of 
amended  FIFRA  (40  CFR  Part  162) ;  (2) 
to  inform  interested  members  of  the  gen¬ 
eral  public  of  the  factors  used  to  make 
registration  decisions;  and  (3)  to  assist 
registration  officials  in  providing  expedi¬ 
tious  reviews  by  improving  the  complete¬ 
ness,  quality  and  consistency  of  applica¬ 
tions  for  registration. 

(c)  The  validity  of  Information  sub¬ 
mitted  to  meet  data  requirements  de¬ 
pends  on  the  test  procedures  employed 
and  the  expertise  of  the  individuals  per¬ 
forming  the  tests.  Accordingly,  these 
Guidelines  include  Appendices  describing 
test  procedures  which  have  been  deter¬ 
mined  to  be  adequate  to  develop  data 
for  registration  purposes.  Data  developed 
in  accord  with  these  procedures  will  be 
acceptable;  however,  the  Appendices  do 
not  prescribe  indexible  registration  re¬ 
quirements.  The  Agency  recognizes  that 
applicants  may  be  aware  of  other  test 
procedures  which  are  equally  effective  for 
particular  purposes,  and  that  new  pro¬ 
cedures  will  be  developed  in  the  future. 
It  also  recognizes  that  the  test  methods 
described  in  the  Appendices  sometimes 
may  not  be  well  suited  to  the  evaluation 
of  particular  products.  Thus,  modifica¬ 
tion  of  the  specific  procedures  set  out  in 
the  Appendices  is  permissible,  providing 
the  intent  and  reliability  of  the  suggested 
methods  are  met.  In  cases  where  an  ap¬ 
plicant  proposes  to  deviate  from  the  pro¬ 
cedures  suggested  in  the  Appendices, 
prior  agreement  with  the  Agency  on  the 
specific  data  development  methods  to  be 
employed  is  strongly  recommended. 

(d)  Neither  the  Guidelines  themselves 
nor  the  Appendices  are  static  dociunents. 
They  will  be  expanded  and  revised  pe¬ 
riodically  to  refiect  new  scientific  knowl¬ 
edge,  new  trends  in  pesticide  develop¬ 
ment,  and  new  Agency  (wlicies.  All  appli¬ 
cants,  and  new  applicants  in  particular, 
are  encouraged  to  consult  with  the  Office 
of  Pesticide  Programs  to  resolve  any 
questions  relating  to  the  Guidelines  or 
data  requirements.  Any  applicant  who 
considers  that  certain  provisions  of  the 
Guidelines  may  not  be  appropriate  for 
a  particular  pesticide  should  submit  a 
written  statement  of  his  position,  and 
consult  with  the  Office  to  determine  what 
data  are  necessary  in  his  particular  case. 

(e)  Applicants  are  reminded  that 
other  statutes  than  FIFRA,  as  amended, 
affect  the  regulation  of  pesticides.  A  spe¬ 
cific  product  proposed  for  registration 
under  FIFRA  may  also  be  subject  to 
provisions  of  the  Federal  Food,  Drug,  and 
Cosmetic  Act;  the  Federal  Water  Pollu¬ 
tion  Control  Act;  the  Federal  Hazardous 
Substances  Act;  the  Occupational  Safety 
and  Health  Act;  or  the  Poison  Prevention 
Packaging  Act.  Specific  references  to  ap¬ 
propriate  statutes  and  their  relevance  to 
registration  matters  are  made  in  other 
parts  of  these  Guidelines. 

(f)  In  addition  to  the  internal  efforts 
of  the  Office  of  Pesticide  Programs,  this 
publication  refiects  the  critical  reviews 
of  experts  from  industry,  academic  com¬ 
munities.  scientific  associations,  environ¬ 
mentalist  groups,  and  other  government 


agencies.  The  Office  of  Pesticide  Pro¬ 
grams  is  indeed  indebted  to  these  review¬ 
ers  for  their  time  and  conscientiousness, 
but  more  important,  for  their  specialized 
interests,  acuities,  and  experience  that 
have  contributed  heavily  to  making  this 
a  workable  document. 

Registration  Procedures 
§§  162.41-162.51  [Reserved] 

Experimental  Use  Permits 
§§  162.52-162.62  [Reserved] 

Product  Performance 
§  162.63  Overview. 

(a)  The  development  of  a  substance 
into  a  pesticide  must  include  certain 
preliminary  tests  to  evaluate  its  effec¬ 
tiveness  and  its  usefulness.  Laboratory, 
greenhouse,  and/or  small  plot  field-test¬ 
ing  should  be  conducted  to  determine  the 
inherent  effectiveness  of  a  substance 
against  specific  pest  organisms.  Once  this 
Is  established,  evidence  of  the  effective¬ 
ness  and  usefulness  of  the  proposed  prod¬ 
uct  must  be  further  augmented  through 
advanced  large-scale  laboratory  and/or 
field-testing  procedures  which  closely 
approach  actual  commercial  use  and 
which  employ  commercial  application 
equipment.  All  tests  should  consider  such 
factors  as  degree  and  duration  of>  pest 
control,  crop  yield  and  quality,  crop  in¬ 
jury,  fiavor,  animal  acceptability,  envi¬ 
ronmental  injiu^  and  any  others  which 
confirm  the  safe,  effective  use  of  the 
product. 

(b)  The  terms  effectiveness  and  useful¬ 
ness  should  be  distinguished.  Effective¬ 
ness  refers  to  a  product’s  ability  to  actu¬ 
ally  control  the  specified  target  pest  or 
produce  the  specified  plant  action;  use¬ 
fulness  refers  to  man’s  ability  to  apply 
the.  product  according  to  the  directions 
and  cautions  on  the  label  without  caus¬ 
ing  unreasonable  adverse  effects  on  him¬ 
self,  his  environment,  or  his  food.  A 
product  must,  of  course,  be  effective  to 
be  useful,  but  its  usefulness  is  negated 
if,  for  example,  it  also  kills  desirable 
plants,  causes  harm  to  beneficial  species, 
damages  surfaces  to  which  it  is  applied, 
or  has  other  deleterious  side  effects. 

(c)  The  actual  test  procedures  will  vary 
according  to  the  characteristics  of  the 
chemical,  the  type  of  formulation,  the 
target  pest,  the  use  patterns,  the  methods 
and  timing  of  application,  but  certain 
basic  techniques  are  essential,  as  out¬ 
lined  under  General  Considerations  in 
this  part.  Specific  problems  are  discussed 
under  Special  Considerations,  also  in  this 
part.  The  relationship  of  test  results  to 
label  directions  for  use  and  limitations  is 
presented  in  Part  V.  Label  Development. 
Because  an  acceptable  test  for  one  prod¬ 
uct  or  use  may  not  be  valid  to  support 
another  product  intended  for  the  same 
use  or  for  the  same  product  intended  for 
even  a  slightly  different  use,  it  is  impos¬ 
sible  to  specify  mandatory  methods  in 
this  guide.  Suggestions  are  provided  in 
the  Appendix  below,  but  the  registrant 
or  his  testing  agent  must  be  responsible 
for  the  validity  of  the  particular  test  or 
tests  employed. 
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(d)  Testimonials  or  letters  of  recom¬ 
mendation  are  unacceptable  in  support  ot 
effectiveness  cMms.  Ifowever,  statements 
of  opfcaion  from  indlvidiial  cooperators 
regardin?  the  efficacy  and  limitations  of 
a  particular  product  are  of  value  when 
submitted  in  conjunction  with  test  re¬ 
ports. 

§  162.64  General  ennsklrvatiom. 

(a)  Product  parameters.  (1)  Formu¬ 
lation  and  packaging.  Several  factors 
associated  with  formulating  and  packag¬ 
ing  a  pesticide  inflMence  the  effectiveness 
of  the  active  ingredient.  The  chemical 
and  physical  compatibilities  of  formu¬ 
lated  p^tldcto,  which  include  mixtures 
of  pesticides  and  mixtiures  of  pesticides 
with  dilnents.  emulsifiers,  fertiliaers,  sol¬ 
vents,  H>readers,  and  stickers,  must  be 
evaluated.  Formulated  products  proved 
effective  in  laboratory  tests  are  some¬ 
times  ineffective  £is  presented  to  the  user 
for  a  variety  of  reasons,  including  stunrt 
shelf  life,  chemical  reaction  with  the  re¬ 
packaging  component,  or  failure  oi  the 
spray  device  to  function  properly.  Or  a 
product  initially  effective  at  the  user  level 
may  suddenly  become  ineffective  because 
of  a  change  in  the  can  liner  coating, 
product  ttnubifler,  solvent  or  other  com¬ 
ponent  used.  Mixtures  of  2  or  more  pesti¬ 
cides  into  a  single  formulation  may  re¬ 
act  chemically,  be  physically  incompati¬ 
ble  (producing  a  useless  product) .  or  be 
mutually  antag<»iistic  or  synergistic  for 
effectiveness.  For  these  reasons, 
tests  to  support  the  effectiveness  and  use¬ 
fulness  of  a  iMToduct  must  be  conducted 
with  the  formulation  for  which  the  reg¬ 
istrant  is  ap>plying  for  registration,  and 
sometimes — especially  in  the  case  of  pes¬ 
ticides  marketed  in  cans — ^with  the  same 
packsiging  to  be  used  commercially. 

(2)  Dosage  rates  or  use  dilutions.  Data 
should  indicate  the  minimum  effective 
dosage  and  dosage  range  and  demon¬ 
strate  an  adequate  safety  margin  be¬ 
tween  the  maximum  label  dosage  and  isr- 
jury.  Etosages  should  be  reported  in  one 
or  more  of  the  fcdlowing  terms: 

(i)  Amount  per  unit  of  surface  area. 

(ii)  Amount  per  unit  volume  of  solvent 
or  diluent. 

(ill)  Amount  per  imit  volume  or  weight 
of  commodity. 

(iv)  Amount  per  unit  vohime  of  space. 

(V)  Amount  per  imit  volume  or  area; 
depth  (acre-foot  or  hectare-meter) . 

(vi)  Amount  per  linear  distance  of 
cr(H>row. 

(vii)  Amount  per  animal. 

(viii)  Amount  per  imit  weight  ot  ani¬ 
mals. 

(ix)  The  length  oi  time  of  spraying 
and  the  distance  from  the  surface  (for 
certain  pressurized  products) . 

(3)  Application  techniques.  Each  teat 
report  must  clearly  describe  all  test  con¬ 
ditions  that  may  be  needed  for  proper 
evaluation.  Perttaent  topics  may  include 
the  f (lowing: 

(i>  Hie  type  ot  api^ication  for  each 
test,  such  as  ultralow  vcAumc  (ULV) ,  low 
vt^ume  (LV>  or  convoitional  full  cover¬ 
age  spray.  ULV  refers  to  a  total  volume 
of  ^  ffal,  or  less,  of  undiluted  spray  per 
acre.  LV  applies  when  the  volume  of  spray 
per  acre  is  more  than  ^  gal  but  not 


greater  than  3  gal.  When  a  product  is 
diluted  before  or  during  application,  the 
report  must  specify  the  quantities  and 
type  of  each  diluent.  More  specific  cri¬ 
teria  may  be  developed,  directed  toward 
the  unique  characteristics  of  certain 
classes  of  pesticides,  as  necessary. 

(li)  The  equipment  used,  such  as  mist 
blowers,  hydraulic  groxmd  sprayers,  back¬ 
pack  sprayers,  dusters,  sofl  injectors  or 
incorporators,  and  aircraft  (fixed  wing  or 
helicopter)  and  aircraft  systems. 

(iii)  The  method  of  application.  De¬ 
scriptions  of  soil  injection  applications 
should  include  such  information  as  chisel 
spacing  and  depth  of  injection;  soil  sur¬ 
face  applications  should  indicate  depth 
and  method  of  incorporation,  if  any;  row 
treatments  should  indicate  in-furrow, 
band-over-row  or  sidedressing  applica¬ 
tion.  Such  terms  as  scrubbing,  wiping, 
rinsing,  soaking,  fiooding,  and  mopping 
can  describe  some  methods  of  application. 

(iv)  The  timing  of  applications.  Test 
reports  should  specify  the  time  at  which 
treatment  was  begun  and  the  interval, 
in  days,  between  succeeding  applications, 
in  terms  of  one  or  more  of  the  following: 

(A)  Dates. 

(B)  Number  of  days  before  or  after 
planting,  emergence,  or  harvest. 

(C)  The  stage  of  growth  of  the  crop. 

(D)  The  stage  of  growth  or  expected 
appearaiu:e  of  the  pest. 

(v)  Site  of  apidleation.  Contact  pesti¬ 
cides  must  be  applied  to  the  pests  them- 
srives,  whereas  residual  type  products  are 
applied  to  surfaces  which  will  hi  turn 
be  contacted  by  pests.  The  specific  site 
ok  application  required  for  effective  use  of 
residual  pesticides  may  be  related  to  feed¬ 
ing  or  other  habits  of  insects  and  other 
animals,  or  the  location  of  infection  or 
contamination  by  fimgi  and  bacteria.  For 
example,  dogs  establish  urinary  scent 
poaU,  and  repellents  must  be  applied  to 
these  areas  to  be  effective.  Or  as  another 
example,  because  mites  feed  on  the  lower 
aides  of  plant  leaves,  nonasrstemic  miti- 
cides  must  be  applied  to  these  undeisur- 
facea.  The  ^e  of  application  may  also 
be  directly  r^ted  to  the  mode  of  action 
of  the  pesticide.  A  systemic  insecticide 
may  be  api^ied  to  foliage  and  be  traaa- 
porled  to  other  parts  of  ttK  plant  where 
it  will  control  feeding  insects.  A  plant 
growth  regulator  may  be  applied  to  the 
foliage  and  travel  to  the  part  of  the 
plant  where  biological  control  occurs.  A 
granular  herbicide  may  be  aiq^Ued  to  the 
ground,  be  absorbed  by  the  roots  and  be 
transported  into  the  stem  or  foliage 
where  it  exerts  its  biological  action. 

(vi>  Tank  mixes  and  serial  apf^ea- 
tions.  Directions  for  use  which  imply  or 
recocamend  that  iwoducts  be  either 
BBixed  in  the  spray  tank  before  appllca- 
tkm  or  applied  in  sequaice  must  have 
registered  directions,  limitations  and 
precautions  appropriate  for  such  in¬ 
tended  uses. 

(A)  Tank  mixtures  may  include  either 
a  pesticide  product  and  an  adjuvant  or  2 
or  more  pe^cide  products  that  are  apt- 
pBed  simultaneoasly  by  mixing  them  In 
»  spray  tank.  The  purpose  of  tairit  mix¬ 
ing  is  to  improve  ttie  economy  of  appli¬ 
cation  and,  at  the  same  time,  to  broaden 


the  spectnim  of  pest  species  to  be  ccxi- 
trolled;  to  improve  the  level  of  control; 
to  reduce  dosses  of  izulividual  compo¬ 
nents;  or  to  increase  the  duration  of  con¬ 
trol.  Directions  for  tank  mixing  of  prod¬ 
ucts  must  be  supported  by  adequate  per¬ 
formance  data  on  the  effectiveness  and 
useftriness  of  the  proposed  mixture  at 
the  dosage  rate(s)  specified  for  each  pest 
indicated.  (See  also  chemistry  and  haz- 
au:d  evaluation  data  requirements.)  The 
components  of  a  pesticide  mixture  must 
be  physically,  biologically  and  chemi¬ 
cally  compatible!  and  determination  of 
interaction  is  an  essential  part  of  the 
evaluation  of  mixtures.  No  method  is 
presently  availaMe  to  predict  possible  in¬ 
teractions  without  actual  tasting.  A  com¬ 
bination  of  analysis  of  variance,  a  meth¬ 
od  for  multiple  range  tests,  and  a  method 
of  determining  synergistic  and  antago¬ 
nistic  responses  can  identify  sigpilflcant 
interactions,  relate  results  from  one 
treatment  to  another,  and  provide  an 
order  of  magnitude  of  each  result. 

(B)  Serial  application  is  the  use  of  one 
pesticide  immediately  or  shortly  after  the 
use  of  another,  so  that  the  target  area 
(usually  soil)  will  contain  both  pesticides 
at  the  same  time.  The  registrant  may 
find  it  to  his  advantage,  where  tank  mix¬ 
ing  is  impractleal,  to  specifically  direct 
serial  applications  on  product  labels. 
These  directions  must  be  supported  by 
performance  data  on  each  product  to  be 
applied  in  serial  applications. 

(b)  Experimental  design.  Expierimen- 
tal  techniques  should  be  performed  with 
sufficient  precision  to  make  the  residts 
obtained  convincing  and  adequate  lor 
registration  purposes.  Separate  tests  are 
xisuaUy  necessary  to  evaluate  product 
performance  against  each  pest  xmdev 
each  set  of  variables,  or  use  condltioim. 
Occasionally  2  or  more  pests  may  be  pre»- 
ent  on  or  in  the  same  target  area  and 
their  control  can  be  evaluated  simul¬ 
taneously.  Pertinent  test  variables  can 
include  some  of  those  discussed  below. 

(1)  Climatic  factors.  The  testing 
schedule  should  be  designed  to  pennlt 
evaluations  of  the  effectiveness  of  pes¬ 
ticides  used  imder  different  euvironmezk- 
tal  conditions  (arid  versm  moderate  and 
high  precipitation,  coed  versus  warm  and 
hot  temperatures,  luwmally  doodty  ver¬ 
sus  normally  sunny  conditions,  and  low 
ver»is  high  humidity  or  dew  formation) , 
if  these  are  relevant.  Important  abnor¬ 
mal  conditions  may  occur  within  a  given 
area  which  cannot  be  considered  in  the 
test  design  but  which  can  markedly 
affect  test  results.  Any  such  effects  ob¬ 
served  should  be  reported  in  the  con¬ 
clusions. 

(2)  Edaphic  (SOU)  Factors.  A  num¬ 
ber  of  variables  relating  to  the  sou  may 
be  pertinent  in  evaluating  a  pesticide 
product.  Several  of  these,  such  as  soU 
temperature,  texture,  fertility,  organic 
matter  content,  tillage  practices  and  ir¬ 
rigation  and  rotation  schedules,  measur¬ 
ably  inffnence  pesticide  performance 
wlthha  a  geographic  area.  Accordingly, 
firid-tests  diould  be  designed  on  a  fac¬ 
torial  or  other  reasonable  basis  to  In- 
chide  pertinent  parameters.  Safety  to 
crops  planted  in  the  treated  area  the 
same  season,  and  in  following  seasons. 
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must  be  demonstrated.  Residue  data  also 
will  be  required  for  soil  pesticides  used 
in  conjimction  with  food  or  feed  crops 
planted  Just  before,  diirlng,  or  after 
treatment.  (See  CThemlstry.) 

(3)  Geographic  distribution  of  tests. 
If  products  are  to  be  marketed  on  a  na¬ 
tionwide  bsisis,  they  will  be  subjected  to 
the  Impact  of  a  number  of  differences  in 
climate,  soil  texture,  variety,  strain  and 
density  of  the  pest,  variety  of  crop,  etc. 
Tests,  then,  must  be  conducted  in  each 
major  geographic  area  in  which  a  crop 
and/or  pest  are  of  economic  importance. 
If  the  pest  control  programs  are  of  local 
importance,  the  data  should  be  obtained 
only  from  those  local  or  regional  areas 
concerned.  If  a  crop  is  grown  only  in  a 
particular  territory  or  region  of  the 
world,  outside  the  United  States,  ade¬ 
quate  test  reports  will  be  accepted  from 
that  territory  or  region. 

(4)  Product  application.  If  more  than 
one  method  of  application  is  to  be  em¬ 
ployed,  such  as  air  and  groimd,  experi¬ 
ments  must  be  designed  to  obtain  the 
required  data  for  each  method. 

(i)  Information  detailing  the  type  of 
application  as  row  (In-furrow,  band  or 
sidedressing)  or  broadcast  must  accom¬ 
pany  the  test  report  data.  Pesticides  ap¬ 
plied  as  row  treatments  cannot  be  ac¬ 
curately  reported  on  a  quantlty-per-acre 
basis  without  also  reporting  the  distance 
between  rows  and  the  width  of  the  treat¬ 
ed  band. 

(i)  An  Increase  in  the  amount  of  the 
product  applied  may  result  in  illegal 
residues,  reduced  yield  or  other  adverse 
reactions.  A  decrease  in  the  amount  of 
the  product  applied  as  a  result  of  de¬ 
creasing  the  distance  between  rows  may 
lower  the  effectiveness  of  the  product. 

(5)  Statistical  procedures.  Statistical 
procedures  are  usually  necessary  in  eval¬ 
uating  product  performance,  and  the  ex¬ 
perimenter  should  either  be  well-in¬ 
formed  or  have  competent  advice  in  ex¬ 
perimental  design,  sampling  procedures, 
and  statistical  methods  of  analysis.  The 
test  should  be  designed  so  that  such  anal¬ 
yses  can  be  made  if  required.  The  direct 
comparison  of  group  means  of  treated 
and  untreated  checkplots  may  be  suf¬ 
ficient  to  show  the  effectiveness  of  a 
product.  More  extensive  analysis  will  be 
required  if  the  difference  between  means 
is  small  or  if  2  or  more  variable  factors  or 
their  interactions  are  being  evaluated. 

(i)  In  effectiveness  testing,  the  prob¬ 
ability  that  a  particular  treatment  will 
provide  effective  pest  control  is  usually 
measured  as  treated  versus  imtreated 
check.  Untreated  checks,  however,  are 
not  always  practical,  particularly  when 
testing  on  very  large  areas  against  mo¬ 
tile  pests  or  in  motile  substrates:  For 
example,  aircraft  applications  for  in¬ 
sect  control,  certain  field-tests  with  ver¬ 
tebrate  pest  control  agents,  or  herbicides 
applied  to  moving  bodies  of  water.  When 
they  are  impractical,  a  product  must  be 
tested  against  some  other  base,  such  as 
another  product  of  known  efficacy  used 
as  a  reference  standard,  or  conditions 
measured  before  the  start  of  the  test. 

(11)  Small  plots  on  vegetable  and  for¬ 
age  crops,  such  as  50  ft  of  row.  and  sin¬ 


glebranch  or  single-tree  plots  on  fruits 
may  provide  precise  results  but  are  rare¬ 
ly  sufficient  to  support  valid  conclusions 
about  product  performance.  Plots  should 
be  large  enough  to  reflect  actual  com¬ 
mercial  use  conditions,  yet  small  enough 
not  to  impose  an  economic  hardship  on 
the  registrant.  Such  factors  as  the  crop 
grown,  equipment  used,  expected  inci¬ 
dence  of  the  pest,  need  for  residue  sam¬ 
ples,  yield  data,  and  quality  studies  of¬ 
ten  dictate  the  size  of  field  plots. 

(ill)  The  niunber  of  plot  replicates 
should  be  large  enough  to  furnish  a  con¬ 
fidence  level  of  95  percent.  Generally, 
the  smaller  the  size  of  the  individual 
plots,  the  larger  the  number  of  repli¬ 
cates  required. 

(iv)  Checks  and  controls  should  rep¬ 
resent  all  of  the  variables  within  the  test 
except  the  one  being  investigated.  For 
Instance,  In  testing  the  effectiveness  of 
a  product  in  controlling  a  pest  on  a  crop, 
the  test  design  should  include  areas  of 
the  field  manipulated  exactly  as  all  other 
areas  of  that  field  except  for  the  appli¬ 
cation  of  the  test  product.  Thus,  a  base¬ 
line  of  no  effect  on  a  pest  can  be  estab¬ 
lished  with  which  to  compare  the  effect 
of  various  dosage  rates  of  the  product. 

(V)  To  be  representative  of  a  ^pula- 
tion,  sampling  procedures  must 'ensure 
that  the  sample  refiects  all  characteris¬ 
tics  of  the  population.  The  size  of  sam¬ 
ples  requir^  for  reliable  estimates  will 
vary  with  the  effect  to  be  characterized. 
For  example,  entire  plots  may  need  to  be 
harvested  for  accurate  yield  estimates, 
whereas  representative  portions  of  each 
plot  will  probably  be  sufficient  for  meas¬ 
uring  pest  control. 

(c)  Effectiveness  and  usefulness.  The 
primary  parameter  to  be  judged  is  that 
of  the  action  of  ttie  product  in  prevent¬ 
ing,  destroying,  repelling  or  mitigating 
a  pest;  accelerating  or  retarding  the  rate 
of  growth  or  otherwise  altering  the  be¬ 
havior  of  plants;  defoliating  plants  or 
artificisdly  accelerating  the  drying  of 
plant  tissue.  The  experiment  is  largely 
designed  to  evaluate  this  effectiveness, 
but  it  can  also  be  designed  to  obtain  in¬ 
formation  on  usefulness  in  terms  of  ad¬ 
verse  effects  noted.  Registration  of  a 
pesticide  product  is  dependent  upon  its 
lack  of  unreasonable  adverse  effects  on 
man  or  his  environment.  Most  unfavor¬ 
able  effects  can  be  avoided  by  providing 
proper  directions  for  use  and  caution 
statements,  but  the  possibility  of  such 
effects  must  be  recognized.  It  is  impossi¬ 
ble  to  list  all  of  the  hazards  which  may 
arise,  but  some  examples  are  noted  be¬ 
low  and  others  are  given  in  Hazard  Eval¬ 
uation. 

(1)  Phytotoxicity  may  resiUt  from 
treatment.  A  good  test  design  will  pro¬ 
vide  for  dosages  higher  than  necessary 
for  pest  control  to  allow  an  estimate  of 
the  margin  of  safety  between  effective 
pesticide  levels  and  those  which  injure 
the  crop.  Dosages  of  2  to  4X  the  esti¬ 
mated  maximum  for  effectiveness  (both 
in  concentration  and  total  amount  ap¬ 
plied  per  unit  area)  are  usually  suffi¬ 
cient,  but  dosages  greater  than  6X  may 
be  necessary  for  mist  blower  or  aircraft 
application.  Phytotoxicity  is  usually 
measured  in  terms  of  chlorosis,  mal¬ 


formed  plant  parts,  leaf  burning,  plant 
wilting  and  death.  Some  injury  can  often 
be  tolerated;  plants  may  recover  or  the 
extent  of  injury  may  not  be  of  eco¬ 
nomic  or  aesthetic  importance— but  it 
should  be  noted.  Pesticide  products  and 
their  metabolites  whose  phytotoxicity  or 
plant  residue  data  indicate  the  necessity 
for  rotational  restrictions  beyond  2  nor¬ 
mal  p>otential  plants  (18  mo)  are  usually 
considered  prohibitively  persistent  for 
issuance  of  a  registration  for  which  a  tol¬ 
erance  is  required. 

(2)  Yield  determinations  will  require 
advanced  planning  in  the  test  design. 
Pesticide  treatment  may  reduce  yield 
below  a  tolerable  level  or  so  alter  the 
normal  ripening  process  that  economic 
problems  arise  in  harvesting.  But  pesti¬ 
cide  applications  also  frequently  result 
in  increased  yield  and  precise  data  on 
such  benefits  should  be  submitted. 

(3)  Quality  may  be  improved  or  se¬ 
verely  impaired  by  the  application  of 
pesticides.  Taste  panel  tests,  color  de¬ 
terminations.  blemish  counts,  livestock 
palatability  trials,  etc.,  can  be  incorpo¬ 
rated  into  the  experimental  design  for 
food  or  feed  crop  uses.  Test  designs  also 
can  be  developed  to  evaluate  adverse 
pesticide  effects  on  materials  and  sur¬ 
faces.  Fabrics,  for  example,  may  be  dis¬ 
colored,  stained,  tenderized  or  the  hand 
may  be  changed;  leather  may  become 
brittle;  or  the  bonding  capacity  of  paint 
to  siuffaces  may  be  destroyed. 

(d)  Reporting  data.  (1)  Systematic 
and  complete  reporting  and  assembly  of 
data  from  Individual  plot  tests  and  field- 
tests  to  support  label  claims  for  per¬ 
formance  of  a  product  or  mixture  is 
essential  for  efficient  and  effective 
review. 

(2)  All  details  of  the  tests  should  be 
reported,  with  particular  emphasis  on 
those  variables  incorporated  on  the  label 
directions,  limitations  and  precautions. 
Such  details  include: 

(i)  Crop  (varieties)  or  site  treated 

(ii)  Location  of  the  tests 
(ill)  Plot  size 

(iv)  Number  of  replications 

(v)  Soil  type  and  organic  matter 
(vl)  Formulation  used 

(vil)  Rate  of  application 
(vili)  Finished  spray  volume  per  acre 
(ix)  Time  of  application  in  terms  of 
crop  stage 

(X)  Stage  of  weed  pests  at  time  of 
application 

(xi)  Method  of  application 

(xii)  Pertinent  comments  regarding 
unusual  test  conditions  or  performance 

(xili)  Interval  between  treatment  and 
observation 

(xiv)  Interval  between  observations 

(xv)  Yields 

(xvi)  Time  of  harvest 

(xvil)  Percent  control  of  specific  pests 
compared  to  imtreated  controls  and  the 
commercial  standard 

(xvlli)  A  rating  scale  (or  percent) 
showing  performance  related  to  com¬ 
mercial  acceptability  and  type  of  efficacy 
and/or  injury  noted. 

(3)  Considerations  for  assembling  the 
reported  efficacy  data  to  expedite  review 
should  include: 
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(i>  Index  the  data  reports  according 
to  each  claim  on  the  label,  such  as  rates, 
formulations,  times  and  methods  of 
plication,  specific  weed  response,  crop 
response.  Use  numbered  tabs  to  separate 
individual  reports. 

(ii)  Prepare  tabular  summaries  of  the 
data  where  each  horiaontal  line  is 
equivalent  to  a  test  and  the  columns  are 
label  claims.  Organize  these  summaries 
according  to  the  test  locations  (States  or 
geographic  areas). 

(iii)  Summarize  and  draw  conclusions 
related  to  label  claims.  Include  analyses 
and  evaluations. 

(iv)  If  any  data  are  included  from  the 
testing  of  formulations  other  than  the 
one  prc9x>sed  for  registration,  they 
should  be  presented  and  summarized 
separately. 

(4)  A  brief  description  noting  if  the 
product  is  translocated  or  acts  on  con¬ 
tact,  and  other  general  descriptions, 
woiild  be  helpful  as  available. 

§  162.65  Specific  conakleratioiis:  Anti- 
■ricrokiiil  agents. 

(a)  The  term  antimicrobials  as  used  in 
this  section  includes  all  preparations  in¬ 
tended  for  preventing,  destroying  or  miti¬ 
gating  any  bacteria,  pathog^c  fimgi  or 
viruses  in  any  environment  except  (1) 
those  on  or  in  living  man  or  other  ani¬ 
mals;  (2)  those  on  or  in  living  plants; 
and  (3)  those  on  or  in  processed  fcxxl, 
beverages,  or  pharmaceuticals.  Antimi¬ 
crobials  include  sterilizers,  sporlcldes, 
disinfectants,  vimeides,  sanitizers,  bac- 
terlostats,  and  fungicides  and  fungistats 
used  against  fxmgi  that  are  pathogenic 
for  maa  or  ottier  animals.  (See  also  Spe¬ 
cific  Considerations:  Fungicides.) 

(b)  ha  the  development  of  antimi¬ 
crobial  pesticides,  the  manufacturer  usu¬ 
ally  knows  (1)  the  t3i>es  of  claims  he 
wishes  to  malEe  for  his  product;  (2) 
where  he  intends  for  the  product  to  be 
used;  and  (3)  the  level  of  activity  he 
expects  his  product  to  possess.  He  is  usu¬ 
ally  cmicemed  about  the  performance 
data  which  will  be  required  by  the 
Agency  for  registering  siich  a  product. 
Since  the  extent  of  testing  required  by 
the  Agency  varies  with  each  of  the  fac¬ 
tors  mentioned  above,  it  is  difficult  to 
separate  performance  data  requirements 
from  these  factors,  and  to  speak  of 
product  performance  in  general  terms. 

(c)  Definitions  of  performance  ler>eis. 
Cl)  Because  of  the  variety  of  microorga¬ 
nisms  to  be  controlled  and  the  different 
claims  and  many  use  patterns  of  prod¬ 
ucts,  tt  is  importaixt  tttat  terminology  and 
definitkms  be  eleai^  vmderstood  by  the 
registrant.  A  program  for  evaluating 
label  claims  must  be  based  on.  uniform 
definitiona  and  a  eoaunon  understanding 
of  words  and  terms. 

(2)  According  to  Webster’s  Dictionary 

(unabridged),  a  disittfeetant  is  an  agent 
that  frees  from  infection;  especialiy:  A 
chemical  that  destroga  vegetative  forms 
of  microorgaaiflns  but  not  or- 

dlxudly  bacterial  sptores — used  cspedally 
of  suhstaoices  suitable  for  ag)pUcatioB  Xo 
inanimate  objects. 

(3)  connotes  the  combat¬ 
ing  of  an  and  infectious  proc¬ 

esses  generally  involve  living  plants,  ani¬ 


mals  or  other  biolo^cal  entities.  There¬ 
fore,  in  the  administration  of  FIFRA, 
as  amoided.  mvironmental  surfaces  are 
deemed  to  be  contaminated,  not  infected. 
Disinfectants  are  centered  only  in  rela¬ 
tion  Uy  the  inanimate  environment  and 
refer  to  products  that  kill  the  grcisving 
forms,  but  not  necessarily  the  resistant 
spore  forms,  of  microorganisms.  Where 
the  intended  use  is  specifically  against  a 
spore-forming  microorganism,  the  spores 
also  would  have  to  be  killed.  Similarly,  a 
disinfectant  recommended  for  use  spe¬ 
cifically  against  a  virus  would  have  to  in¬ 
activate  the  virus  irreversibly.  The  term 
disinfectant  implies  a  degree  of  specific¬ 
ity  in  that  proper  use  is  contingent  on  the 
purpose  for  which  it  is  employed  and  on 
the  type  of  microorganism  wrhich  must  be 
destroyed.  A  disinfeetant  is  used  where 
the  complete  elimination  of  an  infectious 
or  other  xradesirable  microorganism  is  in¬ 
tended  or  required.  The  terms  germicide, 
bactericide,  germicidal  and  bactericidal 
are  synonsrms  that  can  be  used  instead  of 
disinfectant  or  disinfect,  as  defined  im- 
der  FIFRA,  as  amended.  A  germicide, 
bactmclde,  virucide,  fungicide  or  spori- 
cide  is  a  product  that  is  cidal  or  lethal  to 
specific  kinds  of  microorganisms,  refer¬ 
ring,  respectively,  to  germs,  bacteria,  vi¬ 
ruses,  pathogenic  fungi  or  spores. 

(4)  A  virucide  (viricide) ,  according  to 
Webster's  Dictionary  (unabridged)  is  a 
physical  or  chemical  agent  that  destroys 
or  inactivates  viruses.  The  unqualilM 
use  of  this  term  represents  the  product 
as  cidal  (lethal)  against  all  viruses.  For 
registration  purposes,  virucidal  claims 
must  be  qualified;  that  is,  specific  viruses 
that  have  been  shown  by  current  labora¬ 
tory  methods  to  be  irreversibly  inacti¬ 
vated  by  the  product  must  be  named  on 
the  label. 

(5)  A  bacteriostat  is  an  agent  that 
inhibits  the  growth  of  bacteria  in  the 
presmee  of  moisture  and,  in  so  doing, 
may  or  may  not  affect  the  viability  of  the 
bacteria.  A  fungistat  is  a  chemical  agent 
acting  ^mllarly  on  pathogenic  fungi. 
These  microorg^sms.  when  transferred 
to  a  different  environment,  may  still  be 
capable  of  growth  and  reproduction. 
Since  pathogens  in  a  state  of  chemical 
stasis  are  capable  of  initiating  infections 
in  living  animals,  bacteriostatic  or  fungi¬ 
static  treatments  cannot  be  recom¬ 
mended  or  used  as  replaconents  for  dis- 
inlccting  processes.  Sec  specific  conn- 
mmts  on  fungicides  and  nematicides  for 
a  definitiem  of  the  term  fungicide  in 
reference  to  nonpathogenic  lim^ 

«)  A  sanitlaer  is  an  agent  that  reduces 
microbial  contamhiants  to  safe  levels  as 
determined  by  Public  Health  Ordinances 
or  that  reduces  the  microbial  population 
significant  numbers  where  public 
h^th  requirements  have  not  been  es¬ 
tablished.  Sanittets  meetliig  Public 
Health  Ordinance  requirements  are  gen¬ 
erally  used  on  food  contact  surfaces  and 
are  recognizee^  as  sanitizing  rinses.  They 
are  not  disinfectant,  germicidal  or  bac¬ 
tericidal  rinses.  The  intent  ef  use  as  a 
sanitizer  or  the  specific  claim  to-  aanttinc 
would  Identify  a  product  as  a  pcstiidde. 
The  term  sanitary  appearing  ona  labd  is 
identifled  as  a  state  of  eleanUnesa  and 
does  not  carry  with  it  connotations  of 


pesticidal  benefits.  A  detergent-sanitizer 
is  a  prpduct  that  possesses  the  property 
of  a  cleaner  and  a  sanitizer.  It  is  consid¬ 
ered  as  a  representation  of  value  against  ^ 
bacteria  greater  than  that  provided  by 
an  ordinary  soap  or  an  ordinary  deter¬ 
gent.  likewise,  a  germicidal-detergent 
by  these  basic  definitioiK  would  have  to 
possess  the  properties  of  both  a  disinfect¬ 
ant  and  a  cleaner. 

(7)  An  antiseptic  is  an.  agent  that  op¬ 
poses  sepsis,  putrefaction  or  decay  by 
preventing  or  arresting  the  growth  of 
microorganisms.  The  word  antiseptic  is 
restricted  to  applications  on  or  in  the 
living  body  of  man  or  other  animals. 
Products  recommended  for  skin  disinfec¬ 
tion,  hand  sanitizaticoi,  teat  dips,  udder 
washes  and  applications  on  farrowing 
sows  are  treatments  on  the  living  body 
of  man  or  animals  and  are  not  subject 
to  regulation  under  FIFRA,  as  amended. 
Such  applications  fall  under  the  purview 
of  the  Federal  Food,  Drug,  and  Cosmetic 
Act.  Concurrent  jurisdiction  Is  exercised 
by  the  Environmental  Protection  Agency 
and  the  Food  and  Drug  Administration 
over  products  identifled  both  as  pesti¬ 
cides  and  drugs. 

( 8)  Deodorizers  are  chemical  agents  of 
2  basic  types:  (i)  Those  that  prevent  the 
formation  of  bacterial  odors  by  acting 
upon  microorganisms  which  produce 
them,  and  (il)  those  that  mask,  chemi¬ 
cally  destroy  or  neutralize  odors.  Only 
those  deodorizers  that  are  described  as 
type  (i)  are  subject  to  regulation  imder 
the  Act. 

(9)  To  sterilize  means  to  destroy  all 
living  micrtwrganlsms.  A  sterlliaer  is  an 
agent  or  a  device  that  will  destroy  or 
eliminate  all  forms  of  Hfe,  Including  all 
forms  of  vegetative  bacteria,  bacterial 
spores,  fungi  and  viruses.  This  is  an  ab¬ 
solute  term ;  qualified  terms  such  as 
practically  sterile  and  commercialTy  ster¬ 
ile  are  not  cemsidered  acceptable. 

(d)  Products  for  Use  on  Hard  Sur¬ 
faces. — (1)  Disinfectant.  When  a  disin¬ 
fectant  is  recommended  for  use  in  areas 
where  effectiveness  against  Gram-nega¬ 
tive  enteric  bacteria  is  of  primary  im¬ 
portance,  and  lack  of  effectiveness 
against  other  species  may  not  be  a  criti¬ 
cal  factor  (for  example,  toilet  bowls 
and  urinals),  only  minimi  claims,  such 
as  germicide,  disinfectant,  or  bactericltJe 
are  permitted  on  the  label.  A  disclaimer 
of  ^ectiveness  against  Gram-positive 
bacteria  may  he  required’. 

(i>  Minimal  disinfeetant  activity  must 
be  substantiated  with  efficacy  data  de¬ 
rived  from  either  the  AssoeiatlcHi  of  Olll- 
dsd  Analytical  Chemist's  (AO AO  Use 
Dtiutlon  Method  for  water-scduble 
powders  and  liquid  products  or  the  AO  AC 
Germicidal  Spray  Products  Method  *  for 
spray  products.  Shety  replicates  are  re¬ 
tired  on  each  of  3  samplesv  represent¬ 
ing  3  different  batches,  tested  against 
Salmonella  chotcraesuis.  One  of  these 

*  Onipiiet*  ettattoM  for  ofliclal  test  meth¬ 
ods  suggsstsd  ta  thla  section  ses  laelvded  In 
&  Ust  ot  refsesnees  In  Appsndla  Part  ZY.  Ten- 
tstlvs  tsst  msthodSk  snggastsd  protocols;  or 
test  methods  that  rsqulre  same  nsosUflotlon 
for  registration  testing  are  entered  separately 
in  Appendix  Part  ZV  and  etted  tadtrldnally 
in  this  asctlon. 
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bAtches,  aged  to  represent  a  60-day  shelf 
life  stability  study,  must  also  be  tested 
with  30  replicates  on  duplicate  samples 
against  S.  choleraesuls. 

(li)  When  a  disinfectant  is  recom¬ 
mended  for  general  use  in  any  area  (ex- 
c^  medical  areas),  or  if  it  is  repre¬ 
sented  as  having  a  broad  spectrum  of  ac¬ 
tivity,  more  extensive  testing  is  required. 
In  addition  to  the  60  replicates  on  each 
of  3  samples,  r^resenting  3  different 
batches,  tested  against  S.  Choleraesuls, 
30  replicates  on  each  of  these  3  samples 
must  be  tested  against  Staphylococcus 
aureus  and  one  other  pathogen.  One  of 
these  batches,  aged  to  represent  a  60-day 
shelf  life  stability  study,  must  also  be 
tested  with  30  replicates  on  duplicate 
samples  against  S.  choleraesuls.  (Employ 
AOAC  Use  Dilution  or  Germicidal  Spray 
Products  Method.) 

(iii)  When  a  disinfectant  is  recom¬ 
mended  for  use  in  hospitals,  clinics,  den¬ 
tal  oflBces.  etc.,  60  replicates  are  required 
on  each  of  3  samples,  representing  3  dif¬ 
ferent  batches,  tested  against  S.  aureus. 
Thirty  replicates  on  each  of  these  3  sam¬ 
ples  must  also  be  tested  against  S.  chol¬ 
eraesuls  and  Pseudomonas  aeru^nosa. 
One  of  these  batches,  aged  to  represent 
a  60-day  shelf  life  stability  study,  must 
be  further  tested  with  30  replicates  on 
duplicate  samples  against  S.  aureus. 
(Employ  AOAC  Use  Dilution  or  Germici¬ 
dal  Spray  Products  Method.) 

(2)  Phenol  Coefficients.  Any  phenol 
coefficient  claim  requires  testing  by  the 
AOAC  Phenol  Coefficient  Method  from 
duplicate  samples  of  one  batch  against 
Salmonella  typhosa.  If  a  phenol  coeffi¬ 
cient  is  declared  against  any  other  bac¬ 
terium,  the  test  also  must  be  rxm  agninst 
e'ch  bacterium  named.  The  AOAC  U.se 
Dilution  Test  must  be  employed  £is  the 
confirmatory  procedure  for  determining 
the  disinfecting  efficacy  of  a  product  and 
the  basis  for  recommending  an  effective 
use  dilution. 

(3)  Pathogenic  Fungi.  Claims  against 
specific  pathogenic  fungi  must  be  sup¬ 
ported  with  efficacy  data  derived  from 
duplicate  samples  of  one  batch  using  the 
AOAC  Fungicidal  Test. 

(4)  Mycobacterium  tuberculosis . 
CHaims  against  M.  tuberculosis  must  be 
substantiated  with  efficacy  data  derived 
from  the  AOAC  Tuberculocidal  Activity 
Method  on  one  batch  of  a  liquid  product 
under  test.  If  the  product  is  a  spray,  the 
procedure  must  be  modified  to  conform 
with  tlie  AOAC  Germicidal  Spray  Prod¬ 
uct  Method  using  the  media,  microorga¬ 
nisms,  etc.,  described  in  the  AOAC  Tu¬ 
berculocidal  Activity  Method. 

(5)  Other  Microorganisms.  Claims  for 
effectiveness  against  specific  microorga¬ 
nisms  other  than  those  named  in  the 
AOAC  Use  Dilution  Method  or  the  AOAC 
Germicidal  Spray  Products  Method  can 
be  accepted  only  when  supported  by  effi¬ 
cacy  data  derived  by  the  appropriate 
method  on  10  replicates  of  one  batch 
against  each  microorganism  claimed. 

(6)  Sporicides.  All  sporlcidal  claims 
must  be  substantiated  with  efficacy  data 
derived  from  the  AOAC  Sporlcidal  Test. 
The  test  requires  30  replicates  on  esu;h  of 
2  kinds  of  carriers  (porcelain  penlcylln- 
ders  and  surgical  silk  sutxu’e  loops) 


against  spores  of  both  Bacillus  subtUis 
and  Clostridium  sporogenes  on  3  different 
batches  (120  carriers  per  batch  or  total 
of  360  carriers).  Thir^  carriers  each 
type  must  also  be  tested  against  spores 
of  either  microorganism  on  duplicate 
samples  of  one  of  the  3  batches  aged  to 
represent  a  60-day  shelf  life  stability 
(total  of  120  carriers  for  the  stability 
test) .  Added  claims  for  effectiveness 
against  spore  forming  organisms  other 
than  B.  subtilis  and  C.  sporogenes  must 
be  substantiated  with  data  derived  from 
30  replicates  (porcelain  penicylinders) 
on  one  batch. 

(7)  Sterilizers.  The  AOAC  Sporlcidal 
Test  is  the  basis  for  substantiating  ster¬ 
ilizing  claims.  In  addition  to  the  basic 
data  (360  carriers)  required  for  sporlcl- 
dal  claims,  30  carriers  of  each  type  must 
be  tested  against  spores  of  B.  subtilis  and 
C.  sporogenes  on  duplicate  samples  of 
one  batch,  aged  to  represent  a  60-day 
shelf  life  stability  study  (total  of  240 
carriers  plus  360  carriers  equals  600  car¬ 
riers) .  No  growth  is  acceptable  in  any  of 
the  subculture  or  resubculture  tubes  from 
the  600  carriers.  Any  pesticide  which  is 
recommended  for  use  as  a  sterlizing 
agent  in  a  specific  device  must  be  tested 
by  the  AOAC  Sporlcidal  Test  in  the  device 
intended  for  us?,  ihe  test  procedure 
may  be  modified  to  allow  for  valid  evalu¬ 
ation  in  the  specific  device  in  which  the 
pesticide  is  tested. 

(8)  Virucides.  Until  an  official  method 
is  available,  any  virological  technique 
recognized  as  technically  sound  can  be 
used  to  develop  data  to  support  virucidal 
claims.  The  technique  employed  must 
simulate  actual  in-use  conditions  insofar 
as  possible.  See  Appendix  Part  IV.A  for 
a  suggested  test  method.  Methods  for 
Evaluating  the  Virucidal  Activity  of  Dis¬ 
infectants. 

(9)  Sanitizers  {Nonfood  Contact  Sur¬ 
faces)  .  Many  household  products  are  de¬ 
tergent-sanitizer  or  detergent-disinfect¬ 
ant  formulations.  These  products  must  be 
reasonably  effective  as  cleaners  and  also 
fulfill  the  requirements  for  a  sanitizer  or 
disinfectant,  as  the  case  may  be.  No 
standard  AOAC  method  exists  for  testing 
the  efficacy  of  abrasive  powders,  foams 
or  creams;  however,  a  modification  of  the 
AOAC  Use-Dilution  Method  is  suggested 
in  Appendix  Part  IV.A.  Other  products 
for  household  or  institutional  use  bear¬ 
ing  sanitizing  claims  for  nonfood  contact 
surfaces  must  be  evaluated  by  the  proce¬ 
dure  outlined  in  Apijendix  Part  IV .A. 

(10)  Sanitizing  Rinses  (Food  Contact 
Surfaces) .  (1)  Sanitizing  rinse  claims  for 
iodophors.  mixed  halides  and  chlorine¬ 
bearing  chemicals  must  be  substantiated 
with  efficacy  data  derived  from  the  AOAC 
Available  Chlorine  Germicidal  Equiva¬ 
lent  Concentration  Method.  Data  from 
one  test  on  each  of  3  samples  represent¬ 
ing  3  different  batches  tested  against 
S.  typhosa  are  required.  Test  results  must 
show  product  concentrations  equivalent 
in  activity  to  50,  100  and  200  ppm  of 
available  chlorine  (reference  standard 
sodlxun  hypochlorite).  Data  from  dupli¬ 
cate  samples  of  one  of  these  batches,  rep¬ 
resenting  a  60-day  shelf  life  stability 
study,  showing  product  concentrations 
equivalent  in  activity  to  the  3  reference 


standards,  must  be  furnished.  Chemical 
analyses  may  be  substituted  for  biol(^cal 
testing  on  the  60-d^  sample. 

(ii)  Sanitizing  rinse  claims  for  qua¬ 
ternary  anunonium  compounds,  chlorin¬ 
ated  trisodlum  phosphate  and  anionic 
detergent-acid  formulations  must  be 
substantiated  with  efficacy  data  derived 
from  the  AOAC  Germidical  and  Deter¬ 
gent  Sanitizers  Method.  Data  from  one 
test  on  each  of  3  different  batches 
against  both  Escherichia  coli  and  S. 
aureus  are  required,  along  with  data 
from  duplicate  samples  of  one  of  these 
batches  representing  a  60-day  shelf  life 
stability  study  against  E.  coli.  When 
claims  for  the  effectiveness  of  the  prod¬ 
uct  in  hard  water  are  made,  data  de¬ 
rived  from  tests  on  duplicate  samples  of 
one  batch  against  both  E.  coli  and  S. 
aureus  are  required  at  the  hard  water 
tolerance  claimed. 

(iii)  In  testing  the  efficacy  of  deter¬ 
gent  sanitizers,  the  AOAC  standardized 
tests  may  have  to  be  modified  to  Include 
appropriate  neutralizers  that  are  not 
specified  in  the  methods.  In  testing 
chlorinated  trisodium  phosphate,  for 
example,  sodium  thiosulfate  is  required 
to  neutralize  the  residual  chlorine. 

(11)  Floor  waxes.  In  general,  claims 
are  restricted  ta  a  bacteriostatic  level 
of  efficac’'  after  appUcatlon  on  flooring. 
Te<!ts  on  repre'^entative  .'surfaces  coated 
with  the  wax  are  carried  out  in  seeded 
agar  or  bv  an  a  gar  overlay  technique. 
Since  there  is  no  recognized  standard 
test  for  demonstrating  efficacy  and 
practical  value  of  antibacterial  fioor 
waxos.  it  is  sng"'»*sted  that  written  pro- 
tocfds  of  nronosed  t»*<!ts  be  provided  for 
review  before  the  initiation  of  the  tests. 

(e)  Product’^  f'-.r  use  on  fabrics  and 
textiles — (1)  Laundry  additives,  (i)  Re¬ 
sidual  bacteriostatic  claims  for  laimdry 
additives  must  be  substantiated  with  ef¬ 
ficacy  data  derived  from  the  AOAC  Bac¬ 
teriostatic  Activity  of  Lavmdry  Additives 
Method.  Three  samples  representing  3 
product  batches  mtist  be  tested  against 
S.  aureus  and  Klebsiella  pneumoniae 
(aberrant,  ATCC  4352)  using  5,  1-sq  in. 
treated  swatches  on  seeded  agar.  Dupli¬ 
cate  samples  of  one  batch  representing 
60-day  shelf  life  stability  must  be  tested 
with  5  replicate  fabric  swatches  on  agar 
seeded  with  S.  aureus. 

(ii)  Residual  self-sanitizing  claims 
should  be  substantiated  by  the  suggested 
test  method  outlined  in  Appendix  Part 
IV.A.  Reasonable  modification  of  the 
method  or  alternate  test  methods  may  be 
accepted:  Provided,  That  they  are  sub¬ 
mitted  for  review  before  testing. 

(iii)  For  products  bearing  sanitizing 
claims,  the  Petroccl  and  Cfiarke  Method 
(Appendix  Part  IV.A)  may  be  employed 
to  provide  efficacy  data,  since  no  official 
test  method  is  available.  The  test  or¬ 
ganisms  are  K.  pneumoniae  (ATCX;  4352 
or  ATCX?  13906)  and  S.  aureus  (ATCC 
6558) .  Tests  may  also  be  conducted  in  a 
washing  machine.  General  protocols, 
propagation  of  cultures,  fabrlc-to-water 
ratios,  test  materials,  water  tempera¬ 
tures  and  subculture  media  must  be  the 
same  as  those  specified  in  the  Petroccl 
and  Clarke  method.  Tests  must  be  con- 
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ducted  with  3  samples  representing  S 
product  batches;  each  sample  must  be 
tested  with  3  replicate  fabric  swatches 
against  the  2  test  bacteria.  One  sample 
representing  a  60-day  shelf  life  storage 
must  be  tested  in  duplicate  against  S. 
aureus.  A  99.9  percent  reduction  in  bac¬ 
teria  over  the  control  coimt  must  be 
demonstrated  within  10  minutes. 

(iv)  The  Petrocci  and  Clarke  method  is 
also  employed  to  support  disinfecting 
claims,  and,  again,  the  tests  are  con¬ 
ducted  with  3  samples  representing  3 
product  batches.  Each  sample  must  be 
tested  with  30  replicate  fabric  swatches 
against  the  2  test  bacteria.  One  sample 
representing  60-day  shelf  life  storage 
must  be  tested  in  duplicate  with  15 ' 
swatches  against  S.  aureus.  The  method 
must  be  modified  to  include  testing  both 
the  fabric  and  the  wash  water  (5  ml  from 
the  automatic  washer  or  0.5  ml  from  the 
container  with  the  test  device)  in  in¬ 
dividual  widemouth  jars  containing  sub¬ 
culture  media  and  neutralizers.  The 
wash  water-to-media  volume  ratio 
should  not  exceed  1:40.  Growth  or  no 
growth  is  noted  after  48-hr  incubation. 

(V)  No  data  are  required  for  laundry 
additives  containing  sodium-calcium  hy¬ 
pochlorites,  sodium-potassium  dwhloro- 
s-triazinetrione  or  trichloro-s-triazinetri- 
one  as  sole  ingredients  when  a  concen¬ 
tration  of  at  least  200  ppm  available 
chlorine  is  provided  in  the  use  dilution. 

(2)  Textile  additives.  Representative 
treated  textiles  must  be  tested  as  out¬ 
lined  in  the  current  Technical  Manual 
of  the  American  Association  of  Textile 
Chemists  and  Colorists,  Method  AATCC 
30-1971.  (See  Appendix  Part  IV.A  for 
sampling  protocols.) 

(3)  Carpet  Sanitizers.  No  final  official 
method  exists  for  testing  the  efficacy  of 
carpet  sanitizers;  however,  a  tentative 
method  has  been  develop^  by  AOAC 
(Appendix  Part  IV.A) .  If  this  test  is  em¬ 
ployed  to  derive  data  to  support  the  reg¬ 
istration  of  a  carpet  sanitizer,  tiie  fol¬ 
lowing  protocols  must  be  considered: 

(i)  Three  product  samples  represent¬ 
ing  3  separate  batches  must  be  tested 
against  S.  aureus  and  Enterobacter  aero- 
genes  with  2  different  types  of  carpet.  A 
99.9  percent  reduction  of  test  bacteria 
over  the  control  count  must  be  demon¬ 
strated  in  each  case.  No  carpeting  is 
available  to  serve  as  a  standard.  If  the 
product  is  intended  for  me  on  synthetic 
carpeting,  2  representative  carpets,  such 
as  acrylic  and  polypropylene  tufted-loop 
types  may  be  tested.  If  the  product  is 
also  intended  for  use  on  wool  carpeting, 
a  representative  sample  mmt  be  tested. 
If  not,  the  label  mmt  bear  a  disclaimer 
for  use  on  wool.  All  carpet  samples  tested 
mmt  be  fully  identified  by  the  pile  fibre 
type,  pile  yam  weight  of  finished  carpet, 
pile  density  and  tuft  height.  Adequate 
controls  mmt  demomtrate  that  bacterio¬ 
static  agents  in  the  carpet  pile  or  backing 
do  not  interfere  with  the  test  results. 

(ii)  One  sample,  representing  a  60-day 
shelf  life  stability  study,  mmt  be  tested 
with  one  carpet  sample  and  one  test 
bacterium. 

(iii)  The  amount  of  sanitizer  implied 
to  a  piece  of  carpet  mmt  be  extrapolated 
to  a  voliune  of  diluted  shampoo  per  speci¬ 


fied  area  of  carpet,  and  the  voliune  of 
diluted  shampoo  mmt  be  declared  on  the 
proposed  labeL  The  volume  should  be 
equivalent  to  12  gal  of  dilute  product  per 
800  to  1200  sq  ft  of  carpet.  If  the  appli¬ 
cation  is  intended  for  hospitals,  a  wet 
vacuum  pickup  mmt  be  specified  in  the 
label  directions.  In  no  case  will  the  so- 
called  "dry  ^ampoo  treatment”  be  reg¬ 
istered  for  hospital  use.  Claims  for  disin¬ 
fecting  carpets  are  not  acceptable. 

(f )  Air  sanitizers.  No  standard  method 
of  evaluating  air  sanitizers  has  been 
adopted.  Reports  by  Stuart  and  Friedl, 
McGray,  and  the  British  Standards  In¬ 
stitution  (Appendix  Part  IV .A)  describe 
methods  of  testing  aerosol  products  de¬ 
signed  for  temporary  sanitizaticm  of  air 
spaces.  Several  investigators  have  shown 
that  the  incorporation  of  glycols  (trieth¬ 
ylene,  propylene  or  dipropylene  glycol)  at 
concentrations  of  5  to  10  percent  in  pres- 
siuized  formulations  will  significantly  re¬ 
duce  airborne  bacteria  when  adequate 
vapor  concentrations  are  achieved.  Cur¬ 
rently,  then,  registration  requirements 
regarding  efficacy  are  satisfied  by  chem¬ 
ical  analysis  data  showing  appropriate 
concentrations  of  glycols.  Air  sanitizing 
products  that  do  not  contain  such  con¬ 
centrations  of  glycols  mmt  be  evaluated 
in  a  room  or  a  chamber;  a  significant  re¬ 
duction  in  airborne  microorganisms  mmt 
be  demonstrated.  The  primary  test  or¬ 
ganism  is  S.  aurem.  Depending  on  the 
intended  use  pattern,  other  organisms, 
such  as  Salmonella  or  Pseudomonas,  may 
also  be  med  to  provide  efficacy  data. 

(g)  Processing  and  industrial  uses — 
(1)  Material  preservatives,  bacteriostats 
and  self -sanitizers.  Material  preserva¬ 
tives,  bacteriostats  and  self -sanitizers  de¬ 
fined  as  pesticides  mmt  be  carefully  as¬ 
sessed  as  to  their  practical  value  relative 
to  the  claims  made  before  the  products 
are  proposed  for  registration.  Simple 
demonstration  of  bacteriostatic  activity 
or  reduction  of  bacterial  numbers  on  bac¬ 
terial  media  is  not  sufficient  to  establish 
the  practical  efficacy  of  such  products. 
Since  there  is  no  recognized  standard 
test  for  demonstrating  efficacy  and  prac¬ 
tical  value  of  material  preservatives, 
bacteriostats  and  self-sanitizers,  it  is 
suggested  that  written  protocols  of  pro¬ 
posed  tests  for  efficacy  be  provided  for 
review  before  the  initiation  of  the  tsets. 

(2)  In-can  paint  preservatives.  Chem¬ 
icals  proposed  for  me  as  preservatives  in 
paint  formulations  are  identified  as  pest¬ 
icides.  Paints  containing  preservatives 
are  not  identified  as  pesticides  imless 
pesticide  claims  are  made  or  implied. 
Products  proposed  for  me  in  preserving 
water-basM  paints  mmt  show  effective¬ 
ness  in  at  least  2  representative  paint 
formulatiom  in  which  the  product  is  in¬ 
tended  for  use.  Tests  must  be  carred  out 
in  at  least  3  preparations  of  each  of  the 
2  formulatiom  ming  pertinent  microor¬ 
ganisms  and  adequate  controls.  Both  test 
and  control  samples  mmt  be  tested  for  a 
period  of  6  mo  to  1  yr.  The  data  mmt 
show  that  no  deterioration  affecting 
paint  quality  occurred  during  the  test 
period.  The  American  Society  for  Test¬ 
ing  and  Materieds  Test  Method  D-2574 
67T  may  be  referred  to  for  guidance  on 
test  protocol.  A  copy  of  the  test  method 


and  a  detailed  description  of  the  mater¬ 
ials  and  equipment  used  mmt  be 
provided. 

(3)  Paper  coatings,  wet-end  additives 
and  adhesives.  Data  mmt  be  provided 
showing  effectiveness  in  applicable  sub¬ 
stances  with  appropriate  microorgan¬ 
isms.  Tests  mmt  be  carried  out  in  tripli¬ 
cate  with  each  substance  for  a  period 
ranging  from  several  days  to  a  year  de¬ 
pending  on  the  intended  end-use.  A  com¬ 
plete  description  of  the  test  protocol  mmt 
be  furnished. 

(4)  Plastic  formulations.  Data  mmt  be 
furnished  to  show  that  the  product  is 
capable  of  inhibiting  the  growth  of  bac¬ 
teria  which  commonly  deteriorate  such 
formulations.  For  emiilsions  arid  liquid 
formulatiom,  3  replicate  tests  with  ade¬ 
quate  controls  mmt  be  carred  out  for  a 
period  of  at  least  5  days.  A  copy  of  the 
test  method  and  a  detailed  description 
of  the  materials  and  equipment  med 
mmt  be  provided.  For  finished  products, 
zones  of  inhibition  mmt  be  demomtrat- 
ed  on  seeded  agar  plates  ming  5, 1-in-sq 
test  samples  of  material  (providing  20 
test  e^es)  for  each  organism.  For  for¬ 
mulatiom  which  may  be  highly  substan¬ 
tive  to  the  impregnated  material,  a 
seeded  agar  overlay  procedure  may  be 
required  to  demomtrate  effectiveness. 
Information  on  the  duration  of  activity 
in  the  finished  product  must  be  provided. 

(5)  Leather  preserrmtion  during  proc¬ 
essing.  Data  based  on  field-derived  ob- 
servatiom  using  plate-counts  of  gross 
bacterial  numbers  must  be  submitted  to 
demomtrate  inhibition  of  bacterial 
growth  and  the  time  interval  for  which 
control  may  be  expected. 

(6)  Metalworking  Cutting  Fluids.  The 
product  must  be  tested  in  an  identified 
cutting  fluid  formulation  inoculated  with 
Pseudomonas  aeruginosa,  Enterobacter 
aerogenes  (ATCC  13048),  Pseudomonas 
fluorescem  (ATCC  13525),  and  Staph¬ 
ylococcus  aurem.  each  at  a  concen¬ 
tration  of  1  million  cells  per  ml  of  cut¬ 
ting  fluid.  The  test  mmt  be  carried  out 
for  at  least  60  days  with  reinoculation 
after  the  first  30  days  and  must  demon¬ 
strate  control  or  inhibition  of  bacterial 
growth  at  25-28'  C.  Three  replicate  tests 
must  be  carried  out  ming  adequate  con¬ 
trols.  A  complete  description  of  the  test 
protocols  employed  must  be  furnished. 

(7)  Antimicrobial  fuel  additives,  (i) 
Products  proposed  for  use  In  this  cate¬ 
gory  mmt  show  the  necessity  of  the  ad¬ 
ditive  for  control  .of  bacterial  growths 
in  the  water  phase  of  the  fuel.  Generally, 
kerosene-bas^  fuels  subject  to  water 
contamination  by  condensation  may  be 
subject  to  bacterial  growths.  Jet  aviation 
fuels  have  been  extemively  studied  with 
regard  to  such  growths  and  the  attend¬ 
ant  deterioration  of  aircraft  fuel  tanks. 
A  limited  amount  of  information  exists 
as  to  the  need  for  control  of  bacteria  in 
diesel  fuels  or  heating  oils  stored  in  metal 
tanks.  No  bacterial  problems  currently 
exist  with  respect  to  aviation  or  surface 
vehicle  gasolines.  With  aviation  fuel  ad¬ 
ditives,  the  Federal  Aviation  Administra¬ 
tion  (FAA)  should  be  consxilted  as  to  the 
appropriateness  of  an  additive  from  the 
stand^int  of  oertiflcation  for  particiUar 
airframes  or  engines. 
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(11)  Efficacy  data  devel<H)ed  using 
Bushnell-Haas  media  (Appendix  Part 
IV.A)  plus  the  fuel  (the  fuel-to-liquld 
media  ratio  must  be  equivalent  to  that 
found  in  the  field).  Inoculated  with  a 
mixed  culture  of  bacteria  and  fimgl  iso¬ 
lated  from  the  water  phase  of  contcunl- 
nated  fuel  smd  treated  at  the  concentra¬ 
tion  recommended  on  the  label,  would 
serve  to  presumptively  substantiate  the 
efficacy  of  a  product.  A  minimiun  of  3 
replicate  tests  should  be  carried  out  for 
at  least  14  days. 

(ill)  Based  on  these  data,  products 
proposed  for  use  in  engines  and/or  air¬ 
frames  of  aircraft  would  require  testing 
according  to  the  requirements  specified 
in  FAA  Advisory  Circular  AC  20-24A, 
dated  April  14,  1967,  imder  an  Experi¬ 
mental  Use  Permit  issued  by  the  Regis¬ 
tration  Division.  Where  an  additive  has 
not  been  certified  for  use  in  a  particular 
aircraft  engine  and/or  airframe,  then 
such  use  should  be  disclaimed  on  the 
label.  It  is  essential  that  any  collateral 
technical  bulletins  which  accompany  the 
product  be  submitted  for  review. 

(iv)  Any  other  proposed  uses  (diesel 
fuels,  heating  oils)  would  require  deriva¬ 
tion  of  efficacy  data  under  an  Experi¬ 
mental  Permit,  after  presumptive  effi¬ 
cacy  was  established  in  Bushnell-Haas 
media  sis  noted  above. 

(v)  Consideration  must  sdso  be  given 
to  the  potential  sidditlon  of  poUutsmts 
in  exhaust  emissions  of  internal  com¬ 
bustion  engines  using  fuels  with  the  pro¬ 
posed  additive.  The  applicant  may  need 
to  confer  with  personnel  of  the  Mobile 
Source  Pollution  Control  Program.  Envi¬ 
ronmental  Protection  Agency,  for  swidl- 
tional  requirements. 

(8)  Antimicrobial  additives  for  sugar 
mills.  Products  bearing  claims  of  effec¬ 
tiveness  in  controlling  bswiterial  growths 
in  sugar  mill  operations  must  be  sub¬ 
stantiated  with  both  laboratory  and 
field-derived  data.  Laboratory  data 
showing  the  effectiveness  of  the  product 
in  inhibiting  the  growth  of  or  reducing 
the  numbers  of  representative  Leuco- 
nostic  mesenteroldes  Isolated  from 
spoiled  cane  or  beet  sugar  pressings 
must  be  provided.  Field-derived  data 
should  be  developed  under  an  Experi¬ 
mental  Use  Permit  demonstrating  the 
efficacy  of  the  product  used  as  directed. 
A  food  additive  tolerance  must  be  estab¬ 
lished  before  the  product  is  reglstere(L 

(9)  Miscellaneous  preservative  uses. 
Preservatives  recommended  for  use  in 
cosmetics,  ceramic  glazes,  grouts,  floor 
wax  emulsions,  gaskets  (paper  felt,  cork, 
rubber,  vinyl) ,  films  and  foams  of  poly¬ 
vinyl  and  polyurethane,  dextrin-based 
inks,  photographic  solutions,  laundry 
starch,  and  colloidal  graphite  should  be 
tested  in  all  end  products  or  representa¬ 
tive  formulations  to  substantiate  pre¬ 
servative  claims.  It  is  suggested  that  pro¬ 
posed  test  protocols  be  submitted  for 
review  before  initiation  of  test  studies, 
since  no  standard  methods  for  evalu¬ 
ating  preservatives  are  available  at  this 
time. 

§  162.66  Specific  considerations:  Aquat¬ 
ic  pest  control  agents. 

(a)  Applying  pesticides  to  water  mag¬ 
nifies  actual  or  potential  tmreasonable 


adverse  impacts  on  man  and  the  envi¬ 
ronment.  Contamination  can  extend  to 
surface  waters,  groimd  waters  and  aqui¬ 
fers  used  for,  or  in  the  production  of, 
drinking,  irrigation  or  industrial  process 
water.  Contamination  of  desirable  plants 
and  animals  may  lead  to  collapse  of  a 
species  and/or  economic  losses.  Biocon¬ 
centration  of  pesticide  residues  in  the 
food  chain  or  direct  ingestion  of  pesti¬ 
cides  in  water  may  represent  a  potentisd 
long-term  hazard  to  man.  Thus  most 
aquatic  uses  of  pesticides  must  be  cov¬ 
ered  by  an  established  tolerance  or  an 
exemption  from  the  requirements  for  a 
tolerance. 

(b)  Drinking  Water  Systems  (Human). 
The  AOAC  method  for  evaluating  swim¬ 
ming  pool  water  disinfectants  (Appendix 
Part  rv.B)  is  currently  the  most  appli¬ 
cable  standardized  test  for  disinfectants 
in  drinking  water. 

(c)  Drinking  Water  Systems  (Poultry 
and  Livestock) .  Directions  for  the  treat¬ 
ment  of  drinking  water  for  poultry  and 
other  food  animals  that  include  or  imply 
claims  to  control  disease  in  these  ani¬ 
mals  require  clearance  from  the  Food 
and  Drug  Administration  before  regis¬ 
tration  can  be  issued.  Relatively  high 
concentrations  of  products  may  be  re¬ 
quired  for  effectiveness  because  of  the 
probability  of  contamination  with  feed 
and  fecal  matter  by  the  animals  them¬ 
selves  and  because,  in  the  presence  of 
most  forms  or  organic  matter,  effective¬ 
ness  is  markedly  decreased  or  eliminated. 
CXaims  for  the  control  of  specified  micro¬ 
parasites  and  algae  may  require  submis¬ 
sion  of  laboratory  and/or  field  data. 
Tests  must  be  designed  to  evaluate  the 
product’s  performance  in  contaminated 
water. 

(d)  Weeds.  Performance  Information 
on  a  pesticidal  product  Intended  to  con¬ 
trol  aquatic  weeds  must  be  derived  from 
in-use  tests.  The  tests  must: 

(1)  Include  a  geographical  distribu¬ 
tion  of  test  sites  that  reflect  various 
water  types,  temperatures  and  other  en¬ 
vironmental  factors  influencing  effec¬ 
tiveness. 

(2)  Be  made  with  the  highest  concen¬ 
tration  of  the  product  in  water  which 
will  not  Injure  crops  or  desirable  vegeta¬ 
tion  if  the  treated  water  is  to  be  used  for 
irrigation.  This  level  is  to  be  considered 
as  the  highest  acceptable  for  registration. 

(3)  Establish  the  concentrations  of  the 
product  in  water  (as  a  result  of  proposed 
application)  and  the  decline  of  that  con¬ 
centration  with  time  and/or  distance  of 
flow.  It  must  be  shown  that  the  use  of 
treated  water  can  be  controlled  during 
the  time  and/or  distance  of  flow  required 
for  the  concentration  to  decline  to  non¬ 
toxic  levels.  Appropriate  statistical  anal¬ 
yses  of  the  data  and  development  of  de¬ 
pletion  curves  are  essential. 

(4)  Reports  must  Include  the  types  of 
aquatic  sites,  the  dosages,  the  degree  of 
weed  infestation,  the  types  of  weeds,  the 
physical  measiu’ement  of  the  treated 
area  and  of  the  whole  site,  and  the  time 
of  each  application  in  terms  of  date  and 
in  terms  of  the  stage  of  growth  of  the 
weeds. 

(e)  Fish  and  moTlusks.  (1)  Pesticides 
here  may  be  classified  as  fish  poisons, 
fish  repellents  and  freshwater  mol- 


lusclcides.  These  products  may  be  formu¬ 
lated  as  dusts,  granules  or  sprays.  Their 
effectiveness  depends  on  many  variables, 
including: 

(1)  The  target  species. 

(ii)  The  site  of  application  (lakes, 
ponds,  streams,  rivers,  estuaries). 

(iii)  The  characteristics  of  the  water 
(salinity,  hardness,  pH,  sedimentary 
load,  temperature,  etc.). 

(iv)  The  length  of  time  that  the  pest 
organism  is  exposed  to  a  given  concen¬ 
tration  of  the  pesticide. 

(v)  The  concentration  or  dosages  of 
the  pesticide,  usually  expressed  in  parts 
per  million  and  in  equivalent  amounts  of 
product  per  unit  volume  of  water. 

Their  usefulness  will  be  dependent  on 
their  adverse  effects,  such  as  reducing 
mollusks  as  intermediate  hosts  of  para¬ 
sites  of  man  and  other  animals. 

(2)  The  following  outline  summarizes 
major  considerations  in  testing  fish  and 
mollusc  control  agents. 

I.  Fish  poisons  and  freshwater  mol- 
lusclcides 

A.  Laboratory  studies 

1.  Physical-chemical  properties  of  the  ac¬ 
tive  Ingredlent(s) 

2.  Preliminary  screening  (static  or  con¬ 
tinuous  flow  test  to  show  LC-50’s  at  24,  48, 
96  hr  or  longer  using  target  species.  The 
exact  toxicological  studies  to  be  performed 
depend  upon  the  nature  of  the  chemical, 
method  of  application,  and  Intended  claims. 
The  tests  Indicated  are  for  toxicants  applied 
to  water.) 

3.  Delineatlve  screening  (static  or  flow 
test  to  show  LC-l(X)’s  at  24,  48,  06  hr  or 
longer) 

4.  Effect  of  each  active  ingredient 

5.  Physiological  effect  of  product 

6.  Diluent  (wetting  agents,  emulslflers  and 
synergists)  effect  on  product  efficacy 

7.  Effects  of  water  quality,  temperature 
and  turbidity 

8.  Speclflclty  (species  and  product  action) 

9.  Phytotoxlclty 

10.  Detoxifying  agent 

B.  Field  studies 

1.  Preliminary  field  studies  (wading  pools, 
ponds,  small  streams) 

a.  Biological  activity  of  product  at  vari¬ 
ous  water  qualities  for  target  species 
throughout  their  life  cycle 

b.  Method  of  application  and  dose  effect 
on  target  species 

c.  Method  of  application  and  dose  levels 
for  partial  and/or  selective  kills 

d.  Detoxification  time  (or  restocking  In¬ 
terval) 

e.  Phytotoxlclty 

2.  Advanced  field  studies  (Experimental 
Use  Permit  may  be  required.) 

a.  Regional  product  testing 

b.  Application  effect  and  significance 

c.  Detoxification  time  (restocking  Interval) 

11.  Fish  repellents 

A.  Laboratory  studies 

1.  Physical-chemical  properties  of  active 
Ingredlent(s) 

2.  Acute  and  subacute  toxicity  studies  on 
target  species  (The  studies  required  will  de¬ 
pend  upon  the  mode  of  action  of  the  active 
ingredient (s) ,  Intended  claims,  method  of 
application  and  other  factors.) 

3.  Effects  of  product  on  Individual  and 
group  behavior 

4.  Activity  of  each  active  Ingredient 

5.  Doee  response  to  the  product 

6.  Method  of  application  and  effect  on  re¬ 
sponse 

7.  Rate,  duration  and  significance  of  re¬ 
sponse 

B.  Field  studies 
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1.  Preliminary  field  studies  (ponds,  lakes 
and  streams) 

a.  Water  quality  factors  affecting  efficacy 

b.  Other  environmental  factors  affecting 
efficacy 

c.  Method  of  application  and  effect  on  re¬ 
sponse  of  target  species 

d.  Rate  and  duration  of  Individual  and 
group  behavioral  change 

e.  Phytotorlcity 

2.  Advanced  field  studies  (Experimental 
t7se  Permit  may  be  required.) 

a.  Regional  testing  required 

b.  Environmental  factors  affecting  efficacy 

c.  Method  of  application  and  dose  response 

d.  Rate,  duration  and  significance  of  In¬ 
dividual  and  group  behavioral  change 

(f)  Sivimming  pools.  (1)  Disinfectants 
recommended  for  use  in  swimming  pool 
water  must  be  applied  at  concentrations 
considerably  greater  than  those  recom¬ 
mended  for  treating  human  drinking 
water.  Numerous  factors  influence  the 
concentrations  necessary  for  effectiveness 
in  practical  appUcations:  Numbers  of 
swimmers  in  the  pool;  frequency  of  use; 
frequency  with  which  water  is  changed; 
general  weather  conditions;  and  types 
and  degree  of  organic  contamination  of 
the  water  by  the  swimmers  themselves, 
for  example,  suntan  lotions  and  oils  and 
various  debris. 

(2)  Swimming  pool  water  disinfectant 
claims  must  be  substantiated  with  effi¬ 
cacy  data  derived  from  the  AOAC  Method 
for  Water  Disinfectants  for  Swimming 
Pools  (Appendix  Part  IV.B) .  Data  from 
one  test  on  each  of  3  different  batches 
against  both  E.  coli  and  Streptococcus 
faecalis  are  required.  Data  from  dupli¬ 
cate  samples  of  one  batch  representing 
a  60-day  shelf  life  stability  study  against 
E.  coli  must  be  submitted.  Products  mar¬ 
keted  as  tablets,  sticks,  briquettes  or 
other  slow-dissolving  forms  require  sub¬ 
mission  of  data  on  solubility  rates  and 
field  data  demonstrating  effectiveness  in 
maintaining  the  required  chlorine  resid¬ 
ual  when  used  as  directed. 

(3)  The  preceding  data  requirements 
for  swimming  pool  water  disinfection  do 
not  apply  to  simple  formulations  of  so¬ 
dium  and  calcium  hypochlorites,  sodium 
and  potassium  dichloro-s-triazinetriones, 
or  trichloro-s-triazinetrione  when  ade¬ 
quate  directions  for  pool  water  mainte¬ 
nance  are  provided  on  the  product  label. 

(4)  Algaecide  tests  are  conducted  in 
the  laboratory  using  a  recognized  stand¬ 
ard  procedure  such  as  the  Fitzgerald  test 
(Appendix  Part  IV.B).  Confirming  data 
are  also  required  from  in-use  tests  in 
swimming  pools  of  different  sizes  located 
in  different  regions  of  the  coimtry.  The 
number  of  tests  needed  will  depend  on 
the  degree  of  variability  found. 

(g)  Industrial  Cooling  Water  Systems. 

(1)  Products  intended  to  control  mi¬ 
crobiological  slimes  in  cooling  water  sys¬ 
tems  include  those  with  algaecidal.  bac¬ 
tericidal  and  fungicidal  activity.  Micro¬ 
biological  slimes  here  means  the  micro¬ 
organisms  (algae,  bacteria  and  fungi) 
and  their  secretions,  plus  embedded 
debris.  The  following  terms  and  deflni- 
tions  are  particularly  pertinent. 

Bactericide.  As  defined  here,  the  term 
Is  restricted  to  products  used  in  cooling 
water  and  must  not  be  related  to  prod¬ 


ucts  represented  or  defined  as  disinfect¬ 
ants. 

Blowdown  (bleed-off) .  Water  dis¬ 
charged  from  the  system  to  control  con¬ 
centrations  of  salts  or  other  impurities 
in  the  circulating  water.  Blowdown  is 
measured  in  gallons  per  minute. 

Closed  recirculating  systems.  Essen¬ 
tially  all  the  water  is  continuously  re¬ 
cycled  and  the  heat  is  removed  from  the 
circulating  water  in  a  heat  exchanger 
that  may  be  cooled  by  air,  mechanical 
refrigeration  or  a  separate  open  cooling- 
water  system. 

Makeup  water.  Water  added  to  the 
circulating  water  system  to  replace  that 
lost  because  of  blowdown  (bleed-off), 
drift,  evaporation,  leakage  and  overflow. 

Microbiocide.  Any  substance  or  mix¬ 
ture  of  substances  which  effectively  re¬ 
duce  the  number  of  algae,  bacteria  and 
fimgi. 

Once-through  systems.  Water  is  taken 
from  some  primary  source,  used  for  cool¬ 
ing,  and  then  discharged  to  waste  or  used 
for  other  purposes. 

Open  recirculating  systems.  A  major 
portion  of  the  water  used  for  process 
cooling  is  continuously  recycled  through 
some  type  of  evaporative  cooling  device, 
such  as  a  cooling  tower,  to  remove  the 
heat  picked  up  and  is  then  used  again 
for  process  cooling. 

(2)  The  data  requirements  for  these 
products  include  laboratory  data  that 
must  be  submitted  to  show  the  presump¬ 
tive  effectiveness  of  the  product  against 
algae,  bacteria  and/or  fungi.  These  data 
may  be  minimum  inhibitory  concentra¬ 
tion  determinations.  If  the  product  con¬ 
tains  a  new  chemical  or  chemicals,  the 
antimicrobial  activity,  if  any.  of  each 
such  ingredient  must  be  determined 
against  the  intended  organisms  and 
reported. 

(3)  Based  on  the  laboratory  data,  the 
product  must  be  tested  to  determine  an 
acceptable  dosage  range  and  pattern 
of  use  in  water  systems  for  which  the 
product  is  intended.  Such  testing  usually 
requires  an  Experimental  Use  Permit. 

(4)  Tests  should  be  made  in  at  least 
2  different  climatic  locations  for  a  period 
of  not  less  than  30  days.  Test  systems 
should  be  representative  of  the  more 
severe  conditions  that  the  product  is 
intended  to  control.  Reports  must  in¬ 
clude.  but  are  not  limited  to,  the  follow¬ 
ing: 

(i)  Dosage  applied  at  each  treatment. 

(ii)  Interval  between  treatments. 

(iii)  Visual  or  other  suitable  ratings  of 
the  nature  and  amoiuit  of  microbial 
growth.  (The  rating  scale  should  be  de¬ 
fined,  and  the  commercially  acceptable 
level  of  control  should  be  indicated.) 

(iv)  Total  volume  in  the  system. 

(v)  Percent  blowdown,  if  applicable, 
per  unit  of  time. 

(Vi)  The  volume  of  makeup  water 
added  to  the  system  during  the  test 
period. 

(vii)  Water  characteristics,  such  as 
pH,  hardness,  temperatures,  and  identi¬ 
fication  of  any  anticorrosion  inhibitors, 
together  with  an  estimate  of  their  con¬ 
centration  in  the  system,  and  identifica¬ 
tion  of  any  antimicrobial  chemicals  that 


were  used  immediately  before  or  during 
the  test  period. 

(viii)  All  appropriate  engineering  data 
reflecting  efficient  operation  of  the  sys¬ 
tem.  such  as  heat  transfer  readings,  head 
pressures  and  downtime.  Baseline  data 
on  each  parameter  used  is  necessary  for 
comparative  purposes. 

(ix)  Microbial  coimts  before  and  after 
treatment  to  determine  the  required  in¬ 
terval  (s)  between  applications  and  to 
indicate  the  degree  of  control  obtained. 

(x)  Where,  when  and  by  whom  the 
tests  were  conducted. 

(h)  Pulp  and  Papermill  Water  Sys¬ 
tems.  (1)  Treatment  of  these  systems 
with  pesticides  may  result  in  residues  in 
finished  papter  or  paperboard.  Residues, 
occurring  in  finished  products  intended 
for  use  in  contact  with  food,  must  be 
covered  by  a  tolerance  or  an  exemption. 

( 2 )  Laboratory  data  must  be  submitted 
to  show  the  presumptive  effectiveness  of 
the  product  against  bacteria  and  fungi. 
These  data  should  include  at  least  mini¬ 
mum  inhibitory  concentrations  and/or 
count  reduction  determinations.  Stand¬ 
ard  methods  of  testing  have  not  been 
developed;  however,  tests  should  be  con¬ 
ducted  at  temperatures  frequently  en¬ 
countered  in  the  mill  system.  Repre¬ 
sentative  species  of  bacteria  and  fungi 
employed  in  obtaining  presumptive  effec¬ 
tiveness  data  must  include,  but  are  not 
limited  to,  Aspergillus  niger  (Institute  of 
Paper  CThemistry  No.  106) ,  Chaetomium 
globosum  (ATCC  6205),  Pseudomonas 
aeniginosa  (ATCC  10145)  and  Klebsiella 
pneiunoniae  (ATCC  8308) . 

(3)  Based  on  the  laboratory  data,  the 
product  must  be  tested  to  determine  an 
acceptable  dosage  range  and  pattern  of 
use  in  mill  systems.  Such  testing  usually 
requires  an  Experimental  Use  Permit. 

(4)  Tests  should  be  made  in  at  least  2 
domestic  papermills  manufacturing  dif¬ 
ferent  types  of  paper  or  paperboard,  such 
as  newsprint,  fine  papers,  tissue  or 
liner  board.  Each  test  should  be  con¬ 
ducted  for  not  less  than  4  wk.  Mill  con¬ 
ditions  should  be  representative  of  the 
more  severe  conditions  usually  experi¬ 
enced.  Reports  must  include  but  are  not 
limited  to: 

(i)  Dosage  applied  at  each  treatment. 

(ii)  Interval  between  treatments. 

(iii)  Visual  or  other  suitable  ratings 
of  the  nature  and  amoimt  of  slime 
growth.  The  rating  system  should  be  de¬ 
fined  and  the  commercially  acceptable 
level  of  control  indicated. 

(iv)  Water  characteristics,  such  as 
pH,  hardness,  temperature,  and  presence 
of  nonpesticidal  additives  (for  example, 
corrosion  or  foam  inhibitors) . 

(V)  Identification  of  slimicide  used  be¬ 
fore  the  test,  if  possible. 

(vi)  Description  of  the  pulp  source 
(soft  or  hardwood)  and  its  consistency 
at  the  point  of  application. 

(vil)  Bacterial  and  fimgal  counts  be¬ 
fore  and  after  treatment,  together  with 
visual  and  tactile  observations  and  op¬ 
erating  characteristics  (slime  brea^ 
etc.). 

(viii)  Rate  of  dissolution  of  solid  form 
products,  such  as  balls  and  briquettes. 
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under  the  conditions  of  use  in  each  mill. 

(ix)  History  of  slime  problems. 

(x)  Where,  when  and  by  whom  the 
tests  were  conducted. 

(5)  Similar  data  developed  in  foreign 
countries  are  acceptable  if  the  data  have 
been  obtained  in  3  mills  where  climato¬ 
logical  conditions  and  the  microorga¬ 
nisms  encountered  are  like  those  found 
in  domestic  mills. 

(1)  Secondary  Oil  Recovery  Systems. 
The  American  Petroleum  Institute  (API) 
Recommended  Practice  for  Biological 
Analyses  of  Subsurface  Injection  Water 
Test  (Appendix  Part  IV.B)  is  an  ac¬ 
ceptable  method  for  assessing  the  efBcacy 
of  products  against  Desulfovibrio  desul- 
furicans  (API),  Bacillus  cereus  (API), 
and  Pseudomonas  fiuorescens  (API) .  The 
test  must  be  carried  out  m  duplicate,  and 
a  copy  of  the  API  test  procedure  must  be 
submitted. 

§  162.67  Specific  considerations:  Fungi¬ 
cides  and  nematicides. 

(a)  The  term  fungicide  as  used  here 
means  any  substance  or  mixture  of  sub¬ 
stances  intended  to  prevent,  destroy,  re¬ 
pel  or  mitigate  fungi.  P^mgus  includes 
any  nonchlorophyll-bearing  thallophyte 
of  a  lower  order  than  mosses  and  liver¬ 
worts,  such  as  rust,  smut,  mildew,  mold, 
yeast  and  bacteria,  except  those  on  or 
in  living  man  or  other  animals  and  those 
on  or  in  processed  foods,  beverages,  or 
pharmaceuticals.^ 

(b)  The  term  nematicide  means  any 
substance  or  mixtiure  of  substances  in¬ 
tended  to  prevent,  destroy,  repel  or  miti¬ 
gate  nematodes  inhabiting  soil,  water, 
plants  or  plant  parts.  It  excludes  prod¬ 
ucts  intended  for  use  against  nematodes 
in  or  on  living  man  or  other  animals. 
Nematode  includes  invertebrate  animals 
Of  the  phylum  Nemathelminthes  and 
class  Nematoda,  that  is,  unsegmented 
roundworms  with  elongated,  fusiform,  or 
saclike  bodies  covered  with  cuticle. 

(c)  Soilbome  pests:  (1)  Tests  for 
fungicides  and  nematicides  applied  to  soil 
must  be  designed  to  prove  effectiveness 
against  different  soil-inhabiting  orga¬ 
nisms  present  in  various  soil  types  imder 
similar  and  dissimilar  climatic  condi¬ 
tions.  Crop  plant  safety,  or  lack  of  phsrto- 
toxicity,  is  very  important  and  precau¬ 
tions  to  ensure  against  harmful  effects 
are  often  needed  in  the  directions  for 
use.  Taste  panel  tests  are  frequently  im¬ 
portant  on  crops  (especially  root  crops) 
grown  in  treated  soil. 

(2)  The  control  of  soil-inhabiting  fungi 
and/or  nematode  plant  parasites  may  be 
accomplished  with  a  variety  of  formula¬ 
tion  types  and  methods  of  application. 
Dusts,  granules,  liquid  drenches  and 
fumigants  (liquid-to-vapor)  may  be  ap¬ 
plied  broadcast,  in  bands  over  or  imder 
the  row,  in  furrows  at  planting  time,  or 
as  a  transplant  or  postplant  drench  treat¬ 
ment;  sprays  of  downward  translocating 


*Thi8  statement  iqipeara  in  the  amended 
FIFRA;  however,  since  passage  of  this  law. 
the  classification  of  bacteria  has  been 
changed.  Bacteria  are  no  longer  classified  as 
fungi,  according  to  Bergey’s  Manual  of  De¬ 
terminative  Bacteriology.  Eighth  Edition, 
1974. 


products  may  also  be  applied  to  foliage. 
All  specialized  application  equipment  and 
techniques  should  be  adequately  de¬ 
scribed. 

(3)  E>ata  which  show  beneficial  effects 
such  as  plant  growth  or  yield  increase 
as  the  sole  proof  of  effectiveness  are  un¬ 
acceptable,  and  some  evidence  of  pest 
control  and/or  symptom  repression  must 
also  be  provided. 

(4)  Depending  upon  the  fungus  or 
nematode  and  crop  Involved,  important 
parameters  to  be  measured  may  include, 
but  are  not  limited  to,  one  or  more  of 
the  following: 

(i)  Crop  emergence. 

(ii)  Crop  and  pest  mortality  or  sur¬ 
vival.- 

(iii)  Crop  stand  count. 

(iv)  Crop  lodging. 

(V)  Crop  root  injury. 

(vi)  Disease-free  or  marketable  crop 
yield. 

(vii)  Crop  yield  or  growth  response. 

(viil)  Pest  and/or  ssonptom  expression 

ratings 

(5)  When  a  general  nematode  claim  is 
desired,  effectiveness  data  must  be  sub¬ 
mitted  to  demonstrate  control  of  at  least 
one  species  of  root-knot,  cyst,  migratory 
endoparasitic  nematode,  and  ectopara- 
sitic  nematode  of  importance  on  the 
crop(s)  or  crop  planting  site(s)  to  be 
treated  If  the  test  results  indicate  that 
the  product  will  not  control  all  the  im¬ 
portant  nematodes  associated  with  a 
given  site,  claims  must  be  limited  to  the 
specific  type  or  types  that  can  be  con¬ 
trolled.  Nematode  control  may  be  effec¬ 
tively  evaluated  by  one  or  more  of  the 
following  criteria: 

(1)  The  percent  infection  or  root-knot 
index — degree  of  galling  on  roots  of  care¬ 
fully  dug  plants  compared  with  imixeated 
checks  and/or  standards  (root-knot 
nematodes) . 

(ii)  Number  of  nematodes  per  imit 
volume  or  weight  of  soil  compared  with 
untreated  samples  (all  nematodes) . 

(iii)  Number  of  nematodes  per  unit 
measure  of  roots  or  other  plant  parts 
compared  with  untreated  checks  (lesion 
and  other  endoparasitic  nematodes). 

(iv)  Number  of  cjrsts  containing  viable 
eggs  and/or  larvae  in  soil  and/or  on 
roots  compared  with  imtreated  checks 
(cyst  nematodes) . 

(6)  The  overall  results  should  statis¬ 
tically  demonstrate  that  nematode  con¬ 
trol  achieves  a  desired  quality,  quantity 
or  other  measurable  crop  benefit.  Pest 
population  densities  should  be  ascer¬ 
tained  before  treatment,  and  population 
comparisons  should  be  made  between 
treated  and  untreated  plots  before  or  at 
treatment  and  at  proper  Intervals  there¬ 
after. 

(7)  Proper  sampling  times  will  vary 
depending  upon  the  nature  of  the  chem¬ 
ical  and  the  type  of  crop  and  nematode. 
Final  populations  in  treated  plots  often 
exceed  those  in  untreated  plots,  particu¬ 
larly  when  early  season  control  results 
in  Increased  plant  growth.  For  this  rea¬ 
son,  a  trained  nematologist  is  needed  for 
proper  evaluation.  (See  Appendix  Part 
IV.C). 

(d)  Postharvest  fruits  and  vegetables: 
The  advanced  evaluation  of  postharvest 


fruit  and  vegetable  treatments  requires 
replicated  tests  on  lots  varying  in  size 
from  several  shipping  cartons  to  several 
tons.  Data  should  be  taken  after  arrival 
at  the  destination  following  actual  or 
simulated  packing  and  transportation 
procedures  for  the  particular  crop  to  be 
investigated.  When  crops  are  treated 
before  or  during  storage,  the  data  should 
give  disease  counts  after  varying  periods 
of  storage.  These  counts  may  be  stated 
in  terms  of  percent  of  total  produce 
showing  symptoms  or  signs  of  disease. 
Usually,  separate  tests  must  be  conducted 
on  each  different  fruit  or  vegetable  and 
for  each  organism  to  be  controlled.  If, 
however.  sufiBcient  levels  of  2  or  more 
disease  organisms  are  present  on  the 
same  host  simultaneously,  their  control 
may  be  evaluated  in  the  same  test.  Dis¬ 
ease  control  data  on  artificially  inocu¬ 
lated  produce  is  also  acceptable.  The 
product  should  be  tested  with  each  type 
of  equipment  (bin-type  dumpers,  tank 
washers,  spray  washers,  brush  cleaners, 
hydrocoolers,  and  similar  devices)  which 
may  be  named  or  implied  in  the  direc¬ 
tions  for  use. 

(e)  Grain  preservatives:  (1)  Fungi¬ 
cides  to  be  us^  to  preserve  stored,  high- 
moisture  grains  can  be  evaluated  in  labo¬ 
ratory  tests  and  in-use  field-tests.  Such 
testing  should  include  treatments  repre¬ 
senting  a  range  of  dosages  and  moisture 
levels.  Since  high-molsture  grain  gen¬ 
erally  implies  a  moisture  content  of  at 
least  15  percent,  grain  moisture  may  be 
reconstituted  by  the  addition  of  water. 
Moisture  levels  of  17  to  20  percent  will 
assure  more  rapid  growth  of  molds  and 
quicker  results.  Effectiveness  evalua¬ 
tions,  for  both  laboratory  tests  and  in-use 
field-tests,  must  include  compariscms 
between  treated  and  untreated  grain. 
These  evaluations  are  based  on  visible 
mold  growth  and  auxiliary  criteria  such 
as  temperature  rise,  respiration  rate  and 
weight  loss  of  stored  grrain. 

(2)  Laboratory  tests  should  be  de¬ 
signed  to  obtain  the  presumptive  dosage 
rate(s)  necessary  to  control  fimgi  in  or 
on  naturally  infested  or  artificially  inoc¬ 
ulated  grain  (mainly  with  species  of 
Aspergillus,  Altemaria  and  Penicillium). 
If  grain  moisture  is  reconstituted, 
P\isarlum  may  be  used.  Experimental 
units  of  grain  usually  range  from  1  qt  to 
25  gal,  partially  closed  glass  or  plastic 
containers;  1-qt  thermos  bottles  are 
often  convenient.  Tests  should  be  con¬ 
ducted  under  a  variety  of  controlled 
conditions. 

(3)  Once  the  preliminary  efficacy  of 
the  product  is  established  in  the  labora¬ 
tory,  more  advanced  tests  must  be  con¬ 
ducted  under  actual  in-use  storage  con¬ 
ditions.  Such  tests  should  be  performed 
in  either  exposed  outdoor  bins  of  at  least 
100-bu  capacity,  or  unexposed  outdoor 
bins  (contained  within  a  shed  or  other 
similar  type  of  shelter)  of  at  least  10-bu 
capacity.  Tests  must  contain  a  minimum 
of  2  (preferably  more)  replicates  for  each 
treatment.  The  fungicide  should  be  tested 
at  proposed  application  rates  in  several 
geographic  locations  where  grain  is  com¬ 
mercially  produced  and  stored.  In-use 
storage  testing  optimally  should  begin 
soon  after  the  grain  is  normally  har- 
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vested.  The  duration  of  testing  should 
correspond  with  claims  to  be  made  on  the 
labeling  (generally  6  to  12  mo) .  Applica¬ 
ble  data  should  be  recorded  periodically 
during  storage. 

(4)  Depending  upon  the  end  use  of 
treated  grain,  additional  studies  may  be 
required.  If  use  in  animal  feeds  is  in¬ 
tended.  appropriate  feeding  studies  must 
be  peiiormed,  preferably  with  poultry 
and  cattle,  to  demonstrate  the  accepta¬ 
bility  of  treated  feeds.  If  grain  is  to  be 
used  for  planting,  laboratory  data  must 
be  presented  to  show  that  treatment  does 
not  cause  excessive  phytotoxicity.  Pro¬ 
nounced  delays  in  germination  or  emer¬ 
gence  would  necessitate  further  testing 
under  field  conditions.  (See  also  follow¬ 
ing  topic  on  seed  treatments.) 

(f)  Seed  treatments:  (1)  Seed  treat¬ 
ments  should  be  evaluated  in  either  lab¬ 
oratory,  greenhouse  or  field-tests,  utiliz¬ 
ing  heavily  infested  seed  and/or  soil 
known  to  contain  specific,  disease-pro¬ 
ducing  fungL 

(2)  Soilbome  disease  control,  such  as 
seed  decay  and  seedling  blight,  may  be 
evaluated  in  extensive  laboratory  and 
greenhouse  testing,  provided  that,  where 
necessary,  results  are  supported  by  a  lim¬ 
ited  number  of  field-«tests.  Extensive  geo¬ 
graphical  distribution  of  field-tests  is  not 
necessary  to  support  claimis  for  seed  de¬ 
cay  and  seedling  blight  control.  In  the 
laboratory  and  greenhouse  testing,  dis¬ 
ease  incidence  can  be  assured  by  initially 
slowing  germination  with  reduced  tem- 
peratvires  (cold  test)  or  by  boosting  inoc¬ 
ulum  levels  of  specific  pathogens.  Re¬ 
sults  are  usually  presented  as  percent 
emergence  and  percent  survival  on  2  or 
more  dates  while  plants  are  in  the  seed¬ 
ling  stage.  Pronoimced  Relays  in  germi¬ 
nation  or  emergence  require  field-testing 
to  assiire  that  the  treatment  does  not 
cause  excessive  phytotoxicity. 

(3)  Seedbome  disease  control,  such  as 
blights,  rusts  and  smuts,  should  be  tested 
under  different  soil  and  climatic  field 
conditions  in  areas  where  the  crop  is 
likely  to  be  grown.  Evaluations  should  be 
made  of  emergence,  stand,  percent  dis¬ 
ease  and  3delds  if  applicable. 

(4)  Treatment  should  be  applied  by 
commercial  equipment  or  reasonable^fac- 
similes  which  provide  the  same  coverage. 
In  field-tests,  well  replicated  small  plots 
should  be  u^  with  seeding  rates  and 
plant  spacings  comparable  to  general  cul¬ 
tural  practice.  The  number  of  reidica- 
tlons  and  the  size  of  each  plot  should  be 
consistent  with  the  known  variability  of 
the  soil,  the  character  of  the  disease  and 
the  anticipated  disease  incidence.  Tests 
in  any  one  location  might  vary  from  4  to 
6  replicates  of  single  rod-rows,  or  equiva¬ 
lent  (about  200  plants) ,  for  small  grains 
and  other  small  seeded  crops,  to  4  to  6 
replicates  of  50  to  100  plants  in  each  of 
one  or  2  rows  for  cotton,  peanuts  and 
other  large  seeded  crops.  Larger  plots 
will  be  needed  If  samples  are  to  be  col¬ 
lected  for  residue  analysis.  If  grower 
planting  or  harvesting  equipment  is  to 
be  used,  or  If  disease  incidence  Is  ex¬ 
pected  to  be  low. 

(5)  Tests  should  be  designed  to  span 
several  planting  dates  and  locations  to 


cover  a  range  of  conditions,  and  usually, 
to  test  several  of  the  principal  varieties 
of  each  crop  for  phytotoxic  response.  It 
is  desirable  to  have  seed  treatment  mate¬ 
rials  evaluated  in  regional  trials,  such  as 
those  run  by  the  Regional  Cotton  Seed 
Treatment  Committee  of  the  Cotton 
Disease  Coimcil. 

(g)  Ornamental  and  fiowering  plants: 
Final-stage  testing  of  fimgicides  and 
nematicides  for  use  on  ornamental  plants 
should  be  conducted  in  field  or  green¬ 
house  plots  depending  on  the  intended 
use  of  the  product.  Replicated  plots  of  10 
to  1000  or  more  sq  ft  each  are  acceptable. 
In  the  case  of  fiorists’  crops,  no  detect¬ 
able  injury  is  usually  allowed.  Actual 
counts  of  disease  and  nematode  inci¬ 
dences  are  required;  the  commercial 
growers’  assessment  of  the  product  is  also 
valuable. 

(h)  Bulbs,  corms  and  tubers:  Tests  to 
control  rots  in  ornamental  bulbs,  corms 
and  tubers  should  be  conducted  with  5 
or  more  replications  of  100  or  more  bulbs. 
Apparently  healthy  bulbs  selected  from 
a  heavily  diseased  stock  and/or  arti¬ 
ficially  inoculated  bulbs  should  be  used 
for  disease  control  tests;  bulbs  for  phy¬ 
totoxicity  tests  should  1^  selected  from 
stocks  as  disease-free  as  possible.  Disease 
counts  should  usually  be  obtained  during 
and  at  the  conclusion  of  the  storage  sea¬ 
son.  However,  testing  should  usually  con¬ 
tinue  throughout  a  complete  growing  and 
storage  cycle  to  determine  the  residual 
activity  and  phytotoxicity  of  the  product. 
Effectiveness  evaluations  are  usually 
based  on  comparisons  between  the  final 
yield  (weight  and/or  size  and  number) 
of  healthy  and  diseased  bulbs  within  and 
between  treatments.  Separate  tests 
should  be  conducted  for  ea(^  species  and 
each  pathogen. 

(1)  Trees;  (1)  Requirements  for  test¬ 
ing  products  to  be  used  to  control  tree 
diseases  are  highly  specialized  and  must 
be  conducted  by  experts  in  that  field. 
These  would  include  public  and  private 
qualified  forest  pathologists  and  tree¬ 
treating  experts  knowledgeable  in: 

(i)  Exact  diagnosis,  including  symp- 
tomological  and  mycological  aspects. 

(il)  Method  of  treatment,  including 
soil  and  tree  injection  techniques,  spray¬ 
ers,  siirgery,  and  woimd  dressings. 

(ili)  Proper  evaluation  techniques,  in¬ 
cluding  statistics  where  necessary. 

(2)  Up  to  100  or  more  single-tree 
replicates  of  mature  specimens  of  a  giv^ 
species  may  be  required  for  each  treat¬ 
ment  and  each  control  group.  The  mun- 
ber  of  trees  necessary  depends  on  the  na¬ 
ture  of  the  disease  and  the  method  of 
treatment.  Fewer  replicates  are  required 
when  all  specimens  are  the  same  age  and 
vigor  and  growing  on  similar  sites  in  re¬ 
lation  to  soil  type,  available  water  and 
drainage,  or  when  transmission  of  disease 
is  dependent  upon  climatic  factors,  such 
as  wind  and  rain.  More  trees  are  required 
when  any  of  these  conditions  are  variable 
or  when  disease  transmission  is  depend¬ 
ent  upon  an  insect  vector  or  the  presence 
of  root  grafts.  Since  securing  enough 
trees  within  a  small  area  is  often  impos¬ 
sible,  the  tests  must  be  carefully  designed 
to  provide  valid  results  with  replicates 


which  may  be  randomly  scattered  over 
one  or  more  contiguous  coimties  within  a 
general  geographic  and  climatic  area.  In 
cases  where  the  disease  is  widely  dis¬ 
tributed.  separate  tests  from  the  major 
geographic  and  climatic  areas  will  be  re¬ 
quired,  or  labeling  claims  will  be  limited 
to  the  specific  areas  of  test. 

(3)  Fhr  trees  grown  in  nurseries,  seed 
and  seedling  bed  treatments  should  be 
conducted  using  replicated  blocks  of  9  to 
100  sq  ft  each,  depending  on  the  nature 
and  frequency  of  disease  incidence. 
Again,  up  to  100  or  more  single-tree  rep¬ 
licates,  or  replicated  blocks  of  4  to  20 
saplings  each,  may  be  required. 

(J)  Turf:  (1)  Tests  on  lawns  and  other 
fine  turf  areas  should  be  conducted  on 
replicated  plots  of  4  to  1000  or  more  sq  ft. 
The  size  of  plots  and  number  of  repli¬ 
cates  depends  on  disease  uniformity,  ex¬ 
pected  severity  and  the  size  of  {plica¬ 
tion  equipment.  Sometimes  the  control  of 
2  or  more  diseases  can  be  evailuated  in 
the  same  test. 

(2)  To  support  a  general  claim  for  use 
on  turf,  lawns  or  gitisses  (non-gitizlng 
iueas),  data  should  demonstrate  effec¬ 
tiveness  agctinst  the  same  pathogen  on  at 
lefist  4  specimens:  2  cool  and  2  warm  sea¬ 
son  varieties  of  2  types  of  grasses  (bent- 
grass,  bluegrass,  fescue,  etc.) .  Additional 
tests  should  be  conducted  on  all  other 
representative  grasses  likely  to  be  treated 
to  demonstrate  that  the  product  is  not 
phytotoxic  at  dosages  equsd  to  and 
greater  than  label  rates.  Products  in¬ 
tended  to  control  diseases  of  Dichondra 
and  other  nongrass  lawn  plfuits  must  be 
tested  on  the  Intended  hosts  imder  their 
normal  field  conditions. 

(k)  Wood  and  wood  products:  (1) 
Products  used  to  control  marine  borers, 
shipworms,  teredos,  and  fungal  and  bac¬ 
terial  deterioration  of  raw  and  finished 
wood  require  registration.  The  products 
are  commonly  {plied  to  logs,  lumber, 
plywood,  miUworked  products,  paper, 
paperboard,  paper  pulp,  poles  {und  pilings, 
timber,  wood  chips,  sawdust,  and  other 
wood-b{ised  materisd.  Water  repellents 
{md  se{der8  which  do  not  cl{dm  to  pro¬ 
tect  these  products  {ig{dnst  pests  are  not 
considered  pesticides  {uid  need  not  be 
registered. 

(2)  Numerous  wo(xl  preservatives  can 
be  applied  by  several  methods,  each  in¬ 
tended  to  {dford  protection  for  various 
periods  of  time  {md  extremes  of  exposure. 
Effectiveness  data  must  be  provided  to 
support  each  directed  method.  There  are, 
for  ex{unple,  a  v{u1ety  of  industrial 
applications: 

(i)  Applications  for  timber  {md  lumber 
are  usiuilly  bfised  on  pressure  methods 
of  impregnation;  occ{isionally  double 
diffusion  techniques  are  used. 

(ii)  Sawmill  lumber,  poles  {md  pilings 
may  be  treated  by  p{issing  the  freshly  cut 
pieces  through  pressure  Umks,  dip  t{mks 
or  ^ray  hoods. 

(iii)  Stored  chips  and  sawdust  usually 
are  treated  by  spraying  the  material  aa  it 
moves  on  a  conveyor  belt  to  the  storage 
{U'ea. 

(iv)  Paper  pulp  Is  protected  by  direct 
addition  of  the  fungicide  to  the  heavy 
slurry  as  it  enters  the  stor{ige  chest. 
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(v)  Lap  stock  may  be  treated  by  add¬ 
ing  the  fungicide  to  the  white  water  sys¬ 
tem  or  by  spraying  the  stock  on  the  dry 
end  of  the  machine. 

(vl)  When  finished  paper  or  paper- 
board  requires  protection,  the  fungicide 
is  usually  added  as  a  spray  at  some  point 
on  the  dry  end  of  the  machine  or  in  a 
separate  operation. 

(3)  Commercial  applications  would  in¬ 
clude  dip  tank  method  to  protect  sash  or 
other  wooden  assemblies,  or  preparations, 
such  as  grease  and  Impregnated  bandages 
or  injectable  liquids,  to  treat  standing 
poles.  As  a  final  example,  farm  and  home 
applications  for  treating  fence  posts  and 
other  wood  placed  in  contact  with  soil 
would  include:  2  or  more  flowing  brush 
or  spray  coats;  3-mln  dips;  hot  and  cold 
baths;  or  12-  to  24-hr  soaks. 

(1)  Miscellaneous  indxistrial  materials 
and  equipment.  (1)  Fungicides  are  used 
to  protect  a  great  variety  of  products 
and  equipment.  The  following  examples 
illiistrate  this  diversity;  they  include 
broom  com,  cellulose  sponges,  coatings, 
colors,  cordage,  drilling  muds,  dye  baths, 
emulsions,  fabrics,  fuels,  latex,  leather, 
plar^tics,  resins,  rubber,  and  transporta¬ 
tion  and  storage  equipment.  Directions 
for  use  vary  with  the  material  or  equip¬ 
ment  to  be  protected  and  with  the  type 
of  product  to  be  used.  Many  industrial 
materials  are  purchased  under  a  buyer’s 
specification  for  fimgicidal  protection, 
and  specific  test  methods  may  be  re¬ 
quired.  Products  intended  for  such  mar¬ 
kets  should  be  tested  according  to  the 
buyer’s  specifications  and  the  results 
should  be  submitted  along  with  applica¬ 
tion  for  registration.  Products  Intended 
for  the  open  market  should  also  be  ade¬ 
quately  tested.  (See  Appendix  Part  IV .C 
for  siiggested  methods.) 

(2)  Information  must  also  be  presented 
showing  that  when  used  as  directed,  im- 
der  normal  conditions,  no  intolerable 
adverse  effects  will  ensue.  Such  effects 
would  include  unwanted  discoloration, 
tenderizing  of  fabrics,  other  changes  in 
desirable  physical  characteristics  and 
interference  with  processes  or  reactions. 

§  162.68  Specific  considerations:  Herbi* 
cides,  plant  regulators,  desiccants 
and  defoliants. 

(a)  The  term  herbicide  means  any 
preparation  intended  for  preventing,  de¬ 
stroying,  repelling,  or  mitigating  un¬ 
wanted  plants  or  plants  identified  as 
weed  pests.  Herbicides  include,  but  are 
not  limited  to,  those  that  work  by  direct 
contact,  those  applied  as  soil  treatments, 
those  applied  to  plant  roots  In  drainage 
tiles  and  sewers,  and  those  applied  to 
algae  (algaecide)  or  any  aquatic  weeds. 

(b)  ’The  term  plant  regulator  means 
any  preparation  intended  for  altering  the 
behavior  of  plants  or  produce  through 
physiological  rather  than  physical  ac¬ 
tion.  Plant  regulators  include  products 
Intended  for: 

(1)  Accelerating  or  retarding  the  rate 
of  growth  of  maturation  of  plants  or 
plant  parts. 

(2)  Enhancing  fruit  set,  for  thinning 
flowers  or  fruits,  or  for  preventing  fruit 
drop. 


(3)  Prolonging  or  breaking  dormancy 
of  plants  and  plant  parts. 

(4)  Accelerating  root  formation  or  the 
healing  of  wounds. 

Plant  regulators  exclude  nutrient  mix¬ 
tures,  soil  amendments,  or  vitamin- 
hormone  horticultiural  products  intended 
for  maintenance  and  propagation. 

(c)  The  term  defoliant  Includes  any 
preparation  intended  for  inducing  or 
accelerating  leaf  abscission  in  plants. 
The  term  desiccant  Includes  any  prepa¬ 
ration  intended  for  accelerating  the  dry¬ 
ing  of  plant  tissues. 

(d)  Herbicide  Terminology:  The  fol¬ 
lowing  specific  terminology  used  in 
labeling  must  be  supported  with  ade¬ 
quate  data: 

(1)  Preemergence.  The  pesticide  is 
applied  before  emergence  of  the  crop 
and  after  planting. 

(2)  Postemergence.  The  pesticide  is 
applied  after  emergence  of  the  crop.  ’The 
method  of  application  must  be  described; 
for  example,  directed,  semidirected  or 
overtop.  The  interval  after  emergence 
may  be  expressed  in  terms  of  time,  but 
the  more  precise  interval  in  terms  of 
crop  stage  (and,  where  aiH>ropriate,  pest 
stage)  is  prefer^. 

(3)  Post-harvest  planting.  Phsrto- 
toxicity  data  are  required  to  show  satis¬ 
factory  performance  of  the  proposed 
crops  planted  in  treated  soil  after  normal 
harvest  of  original  crop. 

(4)  Pr^lant.  Supporting  data  and 
directions  for  use  must  specify  the  in¬ 
terval  between  application  and  crop 
planting.  The  data  must  also  indicate 
whether  application  to  unbedded  fields 
will  result  in  an  Increased  concentration 
of  the  product  accessible  to  the  plant. 
Adequate  directions  must  be  provided  on 
the  label  to  avoid  excessive  concentra¬ 
tions. 

(e)  Rotational  cropping  and  emer¬ 
gency  replantings:  (1)  CTrop  plant 
species  commonly  planted  in  rotation  on 
treated  areas  must  be  Identified  and  the 
acceptable  interval  between  treatment 
of  the  previous  crop  and  the  planting  of 
each  rotational  crop  must  be  given. 

(2)  Frequently,  climatic  conditions 
prevalent  after  herbicide  treatment 
hinder  crop  development,  and  reseeding 
may  be  necessary.  In  this  event,  recom¬ 
mendations  concerning  replanting  must 
specify  the  time  and  conditions  under 
which  the  original  crop,  or  an  alternate 
one,  may  be  planted,  and  whether  an 
additional  herbicide  treatment  is  re¬ 
quired. 

(f )  Special  noncropland  data  require¬ 
ments:  (1)  The  term  noncropland  is  a 
general  category  designating  areas  which 
are  not  normally  used  to  grow  food,  feed 
or  fiber  crops.  Noncropland  sites  vary 
greatly  in  the  degree  of  contact  by 
humans,  domestic  animals  and  wildlife 
and  in  the  tsrpe  of,  or  absence  of,  de¬ 
sired  vegetation.  On  the  basis  of  these 
differences,  intended  noncropland  man¬ 
agement  practices  may  be  classified  ac¬ 
cording  to  the  extent  of  weed  control; 
that  is,  highly  selective,  selective,  or  non- 
selective  weed  control. 

(1)  Highly  selective  weed  control 
would  be  practiced  on  sites  with  rela¬ 


tively  high  concentrations  of  hiunans 
and  no  restrictions  on  contact  by  domes¬ 
tic  animals  or  wildlife.  Sites  include 
ornamental  turf  and  shrubs  around  the 
home  and  recreation  areas,  golf  courses, 
nurseries,  highway  plantings,  areas 
around  farm  buildings,  agricultural 
fence  rows,  turban  utility  distribution 
lines  and  easements. 

(il)  Selective  weed  control  would  be 
practiced  on  sites  which  are  not  regularly 
frequented  by  relatively  high  concentra¬ 
tions  of  hiunans  and  which  have  no 
restrictions  on  contact  by  domestic 
animals  and  wildlife.  Sites  include  for¬ 
est  areas,  shelter  belts,  highway  and 
utility  rights-of-way  and  rain  runoff 
drainage  ditches. 

(iii)  Nonselective  weed  control  would 
be  practiced  on  sites  in  which  contact  by 
humans,  domestic  animals  and  wildlife 
is  restricted  by  physical  barriers.  Sites 
include  certain  industrial  areas,  lumber 
yards,  tank  farms,  and  areas  aroimd 
utility  substations  and  inside  security 
fences. 

(2)  Performance  data  requirements 
for  these  sites  may  be  categorized  as 
follows. 

(i)  When  the  product  intended  for 
use  on  the  first  tsnpe  of  site  is  already 
registered  for  use  on  crops  for  which 
tolerances  are  establish^,  and  the 
dosages,  patterns  of  use  and  limitations 
are  identical,  no  further  performance 
data  are  required. 

(ii)  When  highly  selective  weed  con¬ 
trol  is  not  intended,  data  requirements 
for  products  include: 

(A)  performance  data  to  show  the  ef¬ 
fective  dosage  range  for  control  of  the 
pests  claimed  and  the  dose-response 
relationship,  which  may  be  demonstrated 
most  easflylita^thp  ic^m  of  a  probit  or 
regression  ana^fe: 

'  (B)  mobllitv  and  soil  persistence  data, 
correlated  with  phytotoxic  response 
evaluation,  which  can  be  present^  by 
regression  curves. 

(g)  Herbicide  data  development.  Data 
requirements  are  discussed  under  Gen¬ 
eral  Considerations.  Herbicide  tests 
should  be  conducted  to  determine  the 
dosage  range  within  which  the  product 
is  effective  without  producing  imdesira- 
ble  Injury  to  the  crop  or  non  target 
species  on  adjoining  slt^.  Control  plots 
are  Included  for  treatment  comparisons. 
The  types  of  plots  depend  on  the  objec¬ 
tives  of  the  experiment  and  may  include 
cultivated  checks,  weedy  checks,  and/or 
standard  treatments.  Appropriate  statis¬ 
tical  analysis  is  usually  essential  for  ade¬ 
quate  interpretation. 

(h)  Plant  regulators:  Tobacco  sucker 
control:  Plant  regulators  useful  for  con¬ 
trol  of  suckers  on  tobacco  require  special 
methods  for  their  testing  and  evaluation. 
For  protocols,  see  Appendix  Part  rv.D. 

§  162.69  Specific  Considerations:  Inver¬ 
tebrate  Control  Agents. 

(a)  Invertebrate  pesticides  are  defined 
as  any  substance  or  mixture  of  sub¬ 
stances  Intended  for  preventing,  destroy¬ 
ing,  repelling  or  mitigating  any  inverte¬ 
brate  pest  present  in  the  environment. 
Invertebrates  here  comprise  any  of  the 
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numerous  small  arthropods  belonging  to 
the  class  insecta;  other  allied  arthropods, 
incliiding  spiders,  mites,  ticks,  centipedes, 
millipedes  and  wood  lice;  and  terrestrial 
invertebrates,  including  slugs  and  snails. 
(For  aquatic  invertebrates,  see  Specific 
Considerations:  Aquatic  Pest  Control 
Agents;  for  nematodes,  see  ;^jecific  Con¬ 
siderations:  Fungicides  and  Nemati- 
cides.) 

(b)  In  addition  to  organic  and  inor¬ 
ganic  chemicals,  invertebrate  pesticides 
include  such  substances  as  biological 
control  agents,  chemosterilants,  hor¬ 
mones,  phenxnones  and  attractants. 
Test  procedures  and  experimental  data 
relating  to  the  efiScacy  of  these  sub¬ 
stances  are  presently  considered  on  an 
individual  product-by-product  basis. 

(c)  Special  comments  for  testing  in¬ 
secticides  follow.  One  precaution  to  ob¬ 
serve  in  any  insecticide  treatment  is  the 
potential  harmful  effect  on  honey  bees 
and  other  beneficial  insects  during  field- 
testing.  Tests  should  be  conducted  to 
determine  deleterious  effects,  and  any 
observation  on  injury  to  any  beneficial 
nontarget  organism  should  be  reported 
in  the  data. 

(d)  Foliar  plants:  (1)  When  testing 
nonsystemic  insecticides,  new  plant 
growth,  which  must  be  protected  against 
insect  attack,  and  new  populations  of 
insects,  which  have  hatched  or  moved 
onto  the  plant  since  the  last  treatment, 
dictate  repeated  applications  for  the 
length  of  time  and  at  intervals  that 
protection  is  needed.  Uniform  coverage 
also  is  essential  to  good  insect  control. 
Thus  tests  must  be  designed  to  deter¬ 
mine  correct  dosages  and  application 
Intervals. 

(2)  Testing  for  use  on  food  crops  in 
home  gardens  must  follow  the  same 
techniques  outlined  under  General  Con¬ 
siderations  for  the  product’s  commercial' 
use.  (See  also  Appendix  t*art  IV.E.) 

(e)  Dormant  plants:  Treatments  to 
dormant  plants  should  be  applied  so 
that  the  insecticide  will  contact  the 
overwintering  stage  of  the  pest  or  a  resi¬ 
due  of  the  insecticide  will  be  deposited 
where  it  will  be  effective  against  the 
emerging  pest. 

(f)  Livestock,  poultry,  fur  and  wool¬ 
bearing  animals:  (1)  Insecticides  which 
are  tested  for  use  on  livestock,  poultry, 
fur  or  wool-bearing  animals  should 
not  injure  the  animal  even  when 
application  is  repeated  frequently  over 
a  long  period  of  time;  the  margin  of 
safety  to  the  treated  animal  is  a  vital 
consideration  in  determining  usefulness. 
Neither  should  the  insecticides  appear 
illegally  in  or  on  meat,  meat  byproducts 
or  eggs.  If  the  treated  animtd  is  less  than 
3  mo  of  age.  stress  conditions  created 
by  a  particular  method  of  treatment 
must  be  evalviated  along  with  the  tox¬ 
icity  data. 

(2)  Certain  petroleum  oil  fractions  are 
used  extensively  as  components  in  for¬ 
mulations  to  be  used  on  livestock.  In 
testing  such  formulations,  the  possible 
effects  on  the  animal  from  toxicity  of 
the  petroleum  oil  must  be  considered. 
For  example,  small  amounts  of  s«ne 
sdlventB  such  as  xylene  and  toluene  may 
cause  tolerable  minor  itching  and  burn¬ 


ing  for  short  periods  after  application. 
Higher  concentrations,  say  25  percent, 
may  cause  death  If  not  diluted  before 
application.  Based  on  past  experience, 
certain  criteria  for  testing  these  com¬ 
pounds  have  been  developed: 

(i)  Ready-to-use  oil  solutions  of  in¬ 
secticides  recommended  for  use  on  live¬ 
stock  as  mist  sprays  generally  must  be 
applied  at  rates  not  exceeding  2  oz  per 
large  animal  (cattle,  horses,  etc.)  and  1 
oz  per  animal  for  small  animals  (sheep, 
swine,  goats,  etc.)  on  a  per-day  or  per- 
application  basis. 

(ii)  Pour-on  and  other  ready-to-use 
products  containing  oils  must  be  tested 
to  ensure  that  the  recommended  method 
of  treatment  will  not  result  in  excessive 
dosages  of  oil  which  may  evoke  adverse 
reactions  in  treated  animals. 

(iii)  Emulsifiable  concentrates  must 
be  tested  to  ensure  that  the  final  use 
dilution  does  not  contain  dangerous 
amoxmts  of  oil. 

(3)  Dust  bag  products  and  devices 
should  be  tested  in  protected,  dry  areas, 
since  the  dust  will  often  tend  to  harden 
when  wet  and  render  the  product  inef¬ 
fective.  A  suitable  discussion  of  the 
foimulations,  unit  locations,  and  char¬ 
acteristics  of  the  device,  such  as  amoimt 
dispensed,  type  of  construction,  length, 
and  porosity,  should  be  included  in  the 
testing  procedures  for  these  applications. 

(4)  Dusts  may  also  be  applied  manual¬ 
ly  to  livestock  as  neck  and  back  treat¬ 
ment  or  by  dusting  the  entire  animal. 
Some  test  chemicals  may  be  applied 
lightly  on  the  surface  of  the  hide;  others 
mmt  be  rubbed  in  thoroughly  to  pene¬ 
trate  the  hide  and  reach  the  skin. 

(5)  Pests  of  dairy  cattle  include  vari¬ 
ous  biting  flies  (horn  and  stable  flies), 
lice,  ticks,  houseflies,  face  flies,  mosqui¬ 
toes  and  sarcpptic  mange  mites.  Evalu¬ 
ating  an  insecticide  that  is  to  be  applied 
directly  to  the  cattle  to  control  these 
p>ests  should  be  based  on  adequate  small- 
scale  tests  on  representative  animals 
from  dairy  herds  in  at  least  5  widely  sep¬ 
arate  regions  where  the  insecticide  Is  to 
be  marketed.  Tests  should  follow  a  pre¬ 
scribed  schedule  using  dosages  both 
above  and  below  the  anticipated  opti¬ 
mum.  The  probable  levels  of  dosage  and 
concentrations  needed  should  be  identi¬ 
fied  in  laboratory  or  small-scale  tests  be¬ 
fore  the  field-testing.  Although  it  is  us¬ 
ually  necessary  to  repeat  the  application 
only  once.or  twice  for  lice,  ticks  and  sar- 
coptic  mange  mites,  a  schedule  of  re¬ 
peated  applications  is  normally  reqiiired 
against  ^es  and  Uieir  continuous  popu¬ 
lation  pressures. 

(6)  Because  imtreated  control  herds 
are  usually  impractical  to  maintain,  the 
effectiveness  of  the  test  product  may  be 
measured  by  comparative  treatments 
with  registered  iHX>ducts  applied  to  por¬ 
tions  of  the  test  herds.  Pretreatment  pest 
counts  are  an  essential  aspect  of  the  test 
protocol.  Records  should  be  submitted  on 
the  comparative  changes  in  milk  produc- 
tiem;  and  insect  counts  following  each 
treatment  to  evaluate  the  effect  of  treat¬ 
ments. 

(g)  Lawns  and  ornamental  tvrf:  Lawns 
and  ornamental  turf  are  treated  with 
insecticides  by  broadcast  applications. 


Dusts  may  be  applied  with  a  hand  duster 
or  lawn  fertilizer  spreader;  granules  and 
dry  baits,  with  a  lawn  fertilizer  spreader; 
wettable  powders  and  emulsifiable  con¬ 
centrates  (after  dilution  with  water), 
with  a  compressed  air  on  knapsack 
sprayer,  a  hose  proportioner  or  a  water¬ 
ing  can.  It  is  important  to  observe  any 
phytotoxic  effects  which  might  occur 
after  treatment,  since  grasses  or  other 
lawn  plants  differ  significantly  in  their 
sensitivity  to  chemicals,  and  some  high 
quality  lawn  and  golf  greens  represent  a 
sizeable  monetary  investment. 

(h)  Forest  lands  and  roadsides:  The 
use  of  insecticides  on  forest  lands  and 
roadsides  (parks  and  picnic  areas)  is 
frequently  under  the  supervision  of  Fed¬ 
eral  or  State  forest  services  or  county  or 
municipal  public  officials.  Whenever  pos¬ 
sible,  testing  insecticides  for  use  In  these 
areas  should  be  in  close  cooperation  or 
consultation  with  these  officials. 

(i)  Mosquito  abatement:  (1)  Mosqui¬ 
toes  are  among  the  most  important 
arthropods  that  transmit  disease  and  an¬ 
noy  man.  Numerous  species  are  involved, 
and  the  number  is  compounded  by 
marked  differences  in  their  breeding 
habits,  behavior,  and  dispersal.  Conse¬ 
quently,  control  measures  for  mosquitoes, 
whether  larvlcides  or  adulticides,  usually 
must  relate  to  several  species  or  to  a 
species  group  to  be  applicable  to  mos¬ 
quitoes  in  general.  Experimental  checks 
should  consist  of  untreated  areas. 

(2)  Insect  resistance  can  be  a  major 
problem  when  testing  a  product  for  mos¬ 
quito  control.  Other  factors  of  special 
concern  in  determining  a  product’s  use¬ 
fulness  are  wildlife  and  fish  hazards,  pos¬ 
sible  water  or  air  pollution,  effects  on 
house  paints  and  spotting  of  automo¬ 
biles. 

(3)  Repellency  from  mosquito  colls, 
candles  and  torches  is  dependent  upon 
the  concentrations  and  duration  of  smoke 
or  fumes  which  permeate  a  limited  area. 
The  test  results  on  products  of  this  type 
should  demonstrate  repellency  of  mos¬ 
quitoes  and  other  small  flying  insects  on 
patios,  porches  or  other  confined  out¬ 
door  areas  where  there  is  little  or  no 
breeze.  Testing  for  human  and  animal 
disease  prevention  or  control  is  possible 
only  in  well  coordinated,  large-scale  area 
programs,  such  as  those  conducted  by 
public  health  agencies. 

(j)  Human  and  pet  treatments.  Insec¬ 
ticides  of  this  type  may  be  applied  as 
sprays,  dusts,  lotions,  towels,  ointments, 
creams,  stic^,  flea  collars,  flea  tags, 
soaps  and  shampoos.  Insect  repellency 
tests  should  demonstrate  minimal  con¬ 
tact  between  the  Insect  and  the  test 
chemical.  Reports  must  distinguish  be¬ 
tween  killing  and  repelling  effects,  since 
repellent  insecticides  may  preclude  any 
lethal  effects.  Because  breed,  age.  size 
and  hair  length  influence  the  usefulness 
of  insecticides  applied  to  dogs  and  cats, 
all  these  factors  should  be  evaluated  in 
testing  pet  treatments. 

(k)  Premise  treatments. 

(l)  Household  insecticides.  In  general 
the  presently  adopted  and  tentative 
official  test  method  of  the  Chemical 
Specialties  Manufacturers  Association 
(CSMA)  are  followed  in  testing  house- 
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hold  insecticides.  These  methods  are  The 
Peet-Orady  Method;  The  Aerosol  and 
Pressurized  Space  Spray  Insecticide  Test 
Method  for  Flying  Insects;  Cockroach 
Spray  Method;  Cockroach  Aerosol  Test 
Method;  Textile  Resistance  Test;  and 
The  Determination  of  Plant  Safety  of 
Pressurized  Formulation  for  Use  on 
Plants  in  the  House  or  Garden.  (See  Ap¬ 
pendix  Part  IV.  E.) 

Test  data  must  be  submitted  to  verify 
that  there  is  no  staining  of  other  adverse 
effects  to  wallpaper,  paint,  tile,  varnish 
or  other  finished  surfaces  likely  to  be 
contacted  by  the  product,  when  applied 
according  to  label  directions  for  use. 

(2)  Commercial  and  industrial  insecti¬ 
cides.  These  formulations  may  be  in 
liquid  or  pressurized  form  for  spray 
treatments  and  In  paste,  powdered  or 
granular  form  for  bait  treatments.  So- 
called  crack  and  crevice  spray  applica¬ 
tions  should  effectively  control  the  tar¬ 
get  pest  and  destroy  isolated  populations 
without  exceeding  a  maximum  coverage 
of  20  percent  of  the  floor  and  lower  wall 
surfaces,  including  shelving  and  cabinets. 
Commercial  and  industrial  insecticides 
are  generally  tested  in  the  same  manner 
as  household  Insecticides,  but  it  is  im¬ 
portant  to  be  extremely  cautious  or,  if 
possible,  avoid  their  use  In  or  around 
food  or  food  processing  areas. 

(3)  Food  handling  establishments,  (i) 
A  food  handling  establishment  is  any 
place,  other  than  a  private  residence,  in 
which  food  is  held,  processed,  prepared 
and/or  served.  Food  areas  Include  those 
used  for  receiving,  serving,  storing  (dry, 
cold,  frozen,  raw),  packaging  (canning, 
bottling,  wrapping,  boxing)  and  prepar¬ 
ing  (cleaning,  slicing,  cooking,  grinding) 
food;  for  edible  waste  storage;  and  for 
enclosed  processing  systems  (mills,  dair¬ 
ies,  edible  oil  extractors  and  evapora¬ 
tors).  Non-food  areas  include  garbage 
rooms,  lavatories,  fioor  drains  (to  sew¬ 
ers)  .  entries  and  vestibules.  ofBces,  locker 
rooms,  machine  rooms,  boilers  roms,  ga¬ 
rages.  mop  closets  and  storage  (after 
packaging) . 

(ii)  Any  registration  for  uses  in  food 
handling  establishments  will  require  as¬ 
sociated  food  additive  tolerance  regula¬ 
tions  as  stipulated  in  Section  409  of  the 
Federal  Food,  Drug,  and  Cosmetic  Act. 

(4)  Agricultural  insecticides,  (i)  Insec¬ 
ticides  to  be  tested  in  or  around  dairy 
bams,  horse  bams,  stables,  poultry 
houses  and  yards,  and  other  agricultural 
structures  may  be  applied  as  sprays, 
dusts  or  baits  to  stanchions,  walls,  fioois, 
manure,  bedding,  and  other  areas  where 
the  target  insects  may  rest  or  breed. 

(ii)  To  control  flies  in  agricultural 
structures,  residual  sprays  should  be  ap¬ 
plied  to  wet  all  resting  places  to  the  point 
of  nmoff.  Outside  areas  where  fiies  gath¬ 
er,  such  as  corrals  and  paddocks,  should 
be  sprayed  thoroughly. 

(iii)  If  insecticides  are  to  be  tested  as 
space  sprays,  fogs  or  vapors  in  daii7 
tarns,  horse  bams,  shelter  sheds,  milk 
sheds,  or  other  agricultural  structures, 
animals  should  be  remoyed  and  air  cir¬ 
culation  should  be  reduced  as  much  as 
possible  by  closing  doors,  windows  and 
other  openings. 


(iv)  Insecticide  baits  may  be  tested  as 
cakes,  ccmes,  syrups  and  llqidd  or  dry 
formulations  in  agricultural  stmctures 
and  in  outdoor  areas.  Liquid  and  dry  baits 
should  be  applied  as  a  certain  weight  or 
volume  per  specified  area  of  floor  or 
ground.  Cake  or  cone  products  should  be, 
placed  or  himg  in  areas  frequented  by  the 
target  pests. 

(V)  Products  Intended  to  be  used  in 
poultry  houses  and  yards  are  generally 
tested  as  sprays  or  baits  on  manure,  win¬ 
dow  sills,  outside  surfaces  of  penned  en¬ 
closures  and  on  the  floor  of  feed  and  stor¬ 
age  rooms.  They  must  be  applied  in  a 
manner  that  precludes  illegal  residues  in 
feed  or  drinking  water. 

(1)  Structures.  (1)  Insecticide  treat¬ 
ments  include  wood  preservatives  and 
termite  soil  poisons.  Both  subterranean 
and  dry-wood  termites  cause  major 
property  damage  particularly  across 
southern  areas  of  the  United  States. 
Tests  on  the  effectiveness  of  wood  pre¬ 
servatives  and  soil  poisons  as  termite 
treatments  must  be  carried  out  over  a 
minimum  of  6  yr  under  actual  use  con¬ 
ditions  to  be  meaningful  and  acceptable; 
no  reliable  accelerated  testing  procedures 
exist  at  this  time.  Soil  treatments  require 
that  special  care  be  exercised  to  assure 
that  water  supplies  are  not  contaminated 
with  the  chemical  and  that  the  treatment 
causes  no  intolerable  injury  to  foundation 
plantings  of  shrubs  and  other  ornamental 
plants. 

(2)  Tests  for  use  of  wood  preservatives 
to  control  powder  post  beetles,  old  house 
borers,  carpenter  ants  and  certain  other 
wood-destroying  insects  may  follow  con¬ 
ventional  test  method  procedures. 

(3)  Testing  by  professional  individuals 
or  agencies  can  sometimes  be  arranged 
to  gather  data  in  the  latter  stages  of 
development  of  many  of  these  products. 

(m)  Stored  products.  (1)  Commodities 
to  be  protected  include  grain,  cereals  and 
other  dry  foods,  tobacco,  woolen  and 
feather  goods,  furs  and  furniture  stored 
in  such  places  as  grain  elevators,  boxcars, 
ship’s  holds  and  warehouses.  The  evalua¬ 
tion  of  insecticides  here  is  usually  based 
on  a  high  percentage  reduction  in  the 
various  insects  after  treatment  and  on 
assessment  of  any  possible  adverse  effects 
on  the  grade  or  quality  of  the  treated 
commodity.  In  certain  cases — ^with  furs, 
woolen  and  feather  goods— complete  pro¬ 
tection  is  essential.  In  all  cases  where 
food  or  feed  commodities  are  involved, 
tests  must  be  ccmducted  on  palatability. 
If  seeds  are  involved,  data  on  germina¬ 
tion  dr  viability  must  be  provided. 

(2)  Space  sprays  and  residual  treat¬ 
ments  should  be  tested  in  such  a  manner 
or  in  locations  which  minimize  the  con¬ 
tamination  of  stored  feed,  food  or 
tobacco. 

(3)  Fumigants  release  toxic  vapors 
and  should  be  tested  only  after  man, 
beneficial  animals  or  birds  have  been 
evacuated  from  the  premises.  Fumigated 
premises  should  be  thoroughly  ventilated 
before  reentry. 

(n)  Fabrics.  (1)  Tests  of  products  to 
be  used  against  fabric  pests,  such  as 
clothes  moths  and  carpet  beetles,  must 
demonstrate  cranplete  control  of  the 
insects. 


(2)  Temporary  moth  treatments  are 
nonresidual  spra3rs  which  kill  by  contact 
action  and  which  require  repeated  ap¬ 
plications.  Semipermanent  mothproof - 
ers  are  residual  chemicals  applied  to 
wool,  fur,  or  hair  rugs,  garments  and 
blankets  as  coarse  sprays  or,  in  some 
cases,  in  drycleaning  solutions.  To  test 
semipermanent  mothproofing  sprays,  the 
articles  should  be  sprayed  lightly  but  uni¬ 
formly  until  the  surfaces  are  moist,  but 
never  soaked  or  saturated.  Dry  the 
sprayed  articles  thoroughly  before  test¬ 
ing. 

(3)  Permanent  mothproof  ers  are  im¬ 
pregnated  in  the  fabric  dtu-ing  the  dye 
process  and  should  remain  effective 
throughout  the  life  of  the  fabric.  Per¬ 
manent  formulations  should  be  tested 
before  and  after  repeated  washing  or 
drycleaning.  (For  mothproofing  test  pro¬ 
cedures,  see  Appendix  Part  IV.E.) 

§  162.70  Specific  considerations:  Verte¬ 
brate  Control  Agents. 

(a)  Vertebrate  pesticides  are  defined, 
as  any  substance  or  mixture  of  sub¬ 
stances  intended  for  preventing,  destroy¬ 
ing.  repelling  or  mitigating  any  verte¬ 
brate  animal  which  the  Administrator 
declares  to  be  a  pest.  Vertebrate  include 
all  wild  and  domestic  mammals  (except 
man),  birds,  amphibians  and  reptiles. 
(For  fish,  see  Specific  Considerations: 
Aquatic  Pest  Control  Agents.) 

(b)  Vertebrate  pesticides  include  lethal 
agents;  irritants;  repellants  based  on 
odor,  taste,  postingesUonal  psychophysi- 
ological  reaction  or  pharmacological  re¬ 
action;  repellants  based  on  mechanical 
action  such  as  tackiness  or  stringiness; 
anesthetizing  chemicals,  reproductive  in¬ 
hibitors;  and  fumigants. 

(c)  The  outline  at  the  end  of  this 
section  sxunmarizes  the  basic  informa¬ 
tion  needed  to  evaluate  eflBcacy  of  verte¬ 
brate  pesticides.  Additional  data  may  be 
required  where  conditions,  such  as  pat¬ 
tern  and  location  of  use,  claims  made  or 
implied,  method  of  application,  species 
and  subspecies  differences,  indicate  the 
data  are  insufiflcient  to  answer  specific 
questions.  For  the  total  data  require¬ 
ments  for  any  substance  or  mixture  of 
substances  submitted  for  registration  as 
a  pesticide,  review  CJhemistry  and  Haz¬ 
ard  Evaluation.  Some  interpretative 
comment  on  tbst  data  and  test  design 
parameters  follows. 

(d)  Test  data.  (1)  The  albino  labora¬ 
tory  rat  and  mouse  are  recognized  as 
invaluable  in  screening  and  studying 
vertebrate  pesticides;  nevertheless,  ac¬ 
ceptable  evidence  of  eflBcacy  of  new  com¬ 
pounds  and  new  uses  must,  in  the  final 
stages  of  the  study,  include  the  exact 
animal  species  for  which  control  claims 
are  made  in  the  labeling.  There  are  sev¬ 
eral  examples  wherein  members  of  closely 
related  groups  exhibit  markedly  differ¬ 
ent  susceptibility  to  the  same  compound. 
Alpha-naphthyl-thiourea  (ANTU),  for 
example,  has  a  LD-SO  of  8  mg/kg  for 
the  brown  rat  and  a  LD-50  of  220  mg/kg 
for  the  roof  rat.  The  differences  in  sus¬ 
ceptibility  need  not -be  of  this  magni¬ 
tude,  however,  to  affect  label  claims. 
The  well-known  anticoagulants,  as  an 
example  here,  may  require  10  or  more 
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days  feeding  to  control  a  brown  rat 
(Rattus  norvegicus)  population,  but  the 
same  formulated  bait  may  require  15  or 
more  days  to  achieve  comparable  con¬ 
trol  with  house  mice  (Mus  musculus). 

(2)  In  most  cases,  acceptable  data  on 
the  species  claimed  must  also  cover  both 
s3xes  and  both  young  and  old  animals, 
to  determine  the  influence  of  age  and 
sex  on  susceptibility  to  the  proposed 
product. 

(3)  Although  data  on  lethal  dosage  are 
very  important,  species’  physiological 
differences,  food  preferences,  and  feed¬ 
ing  habits  may  play  an  even  more  im¬ 
portant  role  in  a  product’s  efficacy.  Bird 
feeding  habits,  for  example,  are  largely 
governed  by  sight  and  tactile  perception. 
Even  small  changes  in  customary  size, 
shape,  texture  or  color  of  food  can  be 
enough  to  reduce  the  initial  rate  of  bait 
acceptance. 

(4)  Results  of  tests,  in  which  a  chemi¬ 
cal  is  administered  forcibly  (by  intuba¬ 
tion)  or  by  ad  libitum  feeding,  and  no 
alternative  untreated  foods  are  available, 
are  useful  as  pharmacological  data 
and  as  guides  in  formulating  finished 
baits.  Such  tests  should  be  supplemented 
by  free-choice  bait  acceptance  studies 
since  wUd  vertebrate  populations  nearly 
always  have  a  free  food  choice.  Treated 
and  untreated  portions  of  the  same  food 
may  be  used  to  determine  acceptable 
levels  of  toxicant  in  the  bait.  Tests  to 
determine  the  acceptability  of  a  formu¬ 
lated  bait  should  be  compared  to  a  stand¬ 
ard  placebo  diet,  where  such  a  standard 
has  been  established.  Statements  re¬ 
garding  the  palatability  of  ready-pre¬ 
pared  baits  must  be  supported  with  ap¬ 
propriate  bait  acceptance  studies  using 
the  target  ;^>eci€s. 

(5)  wH^n  veiiebrate  pesticides  are  to 
be  applied  to  plants  or  seeds,  data  must 
be  submitted  showing  that  the  proposed 
formulation  does  not  produce  phyto¬ 
toxicity  or  significantly  reduce  seed 
viability.  Such  studies  should  be  con¬ 
ducted  on  representative  plant  or  seed 
species  and  should  reflect  the  effects  of 
application  on  plant  growth  or  seed  de¬ 
velopment  through  a  growing  cycle.  The 
data  must  also  reflect  effects  of  repeat 
applications  where  such  applications  are 
recommended. 

(6)  If  vertebrate  pesticides  are  to  be 
applied  to  food  or  feed  crops,  the  estab¬ 
lishment  of  flnite  tolerances,  or  exemp¬ 
tions  from  the  requirements  for  toler¬ 
ances,  may  be  necessary. 

(e)  Test  design:  (1)  Study  teams 
should  Include  personnel  who  are  thor¬ 
oughly  familiar  with  the  life  habits  and 
behavior  of  the  target  species.  This  is 
particiilarly  important  when  the  goal  is 
repellency  and  the  criterion  for  evalua¬ 
tion  is  a  change  in  an  established  be¬ 
havior  pattern.  For  example,  if  an  at¬ 
tempt  is  made  to  rid  an  airport  of  gulls 
with  a  chemical  repellent  used  just  be¬ 
fore  they  would  habitually  migrate  to 
northern  nesting  groimds,  the  result  is 
questionable. 

(2)  When  designing  efficacy  tests  for 
use  under  cage  or  captive  conditions, 
corroborative  methods  of  Held  application 
should  be  kept  in  mind.  For  example,  if 


an  area  repellent  is  intended  to  keep  dogs 
off  a  lawn  or  a  garden  by  treating  the 
perimeter,  then  merely  demonstrating 
that  a  dog  will  avoid  a  familiar  object 
when  treated  with  the  product  is  not 
applicable  proof  of  area  repellency.  Sim¬ 
ilarly,  a  so-called  repellent  that  appears 
to  have  value  in  stopping  the  use  of  a 
urine  scent-post  may  have  little  value 
in  stopping  some  other  objectionable 
behavior. 

(3)  Research  and  development  of  ver¬ 
tebrate  pesticides  should  always  include 
tests  -conducted  under  actual  field  con¬ 
ditions.  The  interrelationship  between 
inter-  and  intraspecies  behavioral  pat¬ 
terns  and  the  impact  of  environmented 
factors  are  so  complex  that  cage  tests 
alone  cannot  suffice. 

(4)  If  a  claim  is  made  that  a  product 
is  effective  for  a  particular  time  period, 
then  the  test  design  must  reflect  studies 
covering  that  period  of  time.  For  ex¬ 
ample,  several  bird  repellents  that  rely 
on  the  continued  tack-and-string  of  a 
bead  of  gel  that  has  been  applied  to  a 
roost,  claim  effectiveness  for  one  year. 
The  registrant  is  responsible  for  tests  to 
verify  that  the  gel  does  not  crust  or  oth¬ 
erwise  lose  its  effectiveness  for  a  full  yesur 
under  different  climatic  and  physical 
conditions.  Similarly,  claims  that  an  in¬ 
door  pet  repellent  does  not  stain  up¬ 
holstery  or  that  a  rodent  population  can 
be  satisfactorily  controlled  in  10  or  more 
days  must  be  supported  by  appropriate 
test  data. 

(5)  The  outline  is  grouped  by  type  of 
study  (laboratory  studies,  preliminary 
field  studies,  and  advanced  field  studies) . 
The  laboratory  studies  should  provide  the 
preliminary  data  to  indicate  efficacy  of  a 
potential  product  or  use.  Preliminary 
fleld  studies  should  indicate  the  prod¬ 
uct’s  potential  in  terms  of  effect  on  small 
areas  or  populations,  dosage  ranges  un¬ 
der  fleld  conditions,  and  individual  and 
group  animal  reactions  to  a  treatment. 
Advanced  fleld  studies  should  show,  on  a 
regional  basis,  the  efficacy  of  the  product 
imder  a  variety  of  use  conditions,  en¬ 
vironmental  factors,  etc.  (The  number 
of  regional  studies  required  vary,  de¬ 
pending  upon  the  species  claimed  and 
their  normal  range,  the  claims  made  in 
the  labeling,  etc.  Therefore,  no  state¬ 
ment  can  be  made  to  cover  all  situations 
which  will  be  encoimtered.) 

I.  Laboratory  studies  (preliminary  efficacy 
studies) 

A.  Physical-chemical  properties  of  active 
Ingredient  (s) 

B.  Acute  and  subacute  toxicity  studies  us¬ 
ing  target  species  (The  exact  toxlcoliglcal 
studies  required  will  depend  upon  the  mode 
of  action  of  the  chemical  U),  the  method  of 
application  and  the  claims.) 

C.  Effect  of  each  active  Ingredient 

D.  Physiological  or  behavioral  effect  of 
product 

E.  Dose  response  to  the  product 

F.  Rate  and  duration  of  response  and/or 
physiological  effects 

O.  Cage  test — single  and  multiple  animal 
studies  using  target  species  (Cage  studies 
for  repeUents  will  vary  with  the  Intended 
action  of  the  chemical  and  the  behavior  to 
be  modified.  Because  of  the  many  variables 
involved  In  testing  repellents.  It  Is  advisable 
to  submit  the  proposed  test  protocol  for  re¬ 
view  before  Implementation.) 


1.  Food  preference  studies 

2.  Product  acceptance  and  reacceptance 

3.  Effect  of  product  age  on  acceptance 

4.  Effects  of  stickers,  spreaders,  diluents, 
etc. 

5.  Specificity  to  target  species  and/or  sex 

6.  Effects  of  age  on  susceptibility 

7.  Activity  cycle  effect  on  animal  susceptl- 
bUlty 

8.  Special  claims 

9.  Effect  of  method  of  application  on  re¬ 
sponse  (where  applicable) 

10.  Phytotoxlclty  (where  applicable) 

H.  Product  stabUlty  (shelf  life) 

11.  Field  studies 

A.  Preliminary  fleld  studies 

I.  Test  and  control  areas  required 

2.  Pre-  and  post-treatment  population 
census  and  census  technique 

3.  Bate,  duration  and  significance  of  re¬ 
sponse 

4.  Effect  of  environmental  factors  (cli¬ 
matic  and  physical)  and  managerial  prac¬ 
tices 

B.  Advanced  fleld  studies  (Experimental 
Permit  may  be  required.) 

1.  Regional  testing  required 

2.  Pre-  and  post-treatment  population 
census  and  census  technique 

3.  Rate,  duration  and  significance  of  re¬ 
sponse 

4.  Effects  of  environmental  factors  (cli¬ 
matic  and  physical)  and  managerial  prac¬ 
tices 

Label  Development 
§  162.71  General  comments. 

(a)  The  information  discussed  as  gen¬ 
eral  comments  is  basic  to  all  pesticide 
products.  The  speciflc  comments  on  types 
of  products  (for  example,  aquatic  pest 
control  agents,  fungicides,  etc.)  provide 
only  additionsd  detailed  Information  re¬ 
lated  to  a  particular  type  of  product. 
Labeling  requirements  are  specified  in 
§  162.10. 

(b)  Claims.  (1)  Claims  for  the  use  of 
a  pesticide  product  relate  to  the  pest  or 
pests  to  be  controlled  and,  sometimes,  to 
the  mode  of  action  of  the  product. 
Claims  are  derived  from  the  data  ob¬ 
tained  in  performance  toting  and 
modified,  as  necessary,  by  the  usefulness 
data,  the  information  developed  on  the 
product’s  chemistry  and  its  hazard 
evaluation.  The  modification  process  re¬ 
sults  in  (1)  directions  for  use;  (ii)  limita¬ 
tions  of  use;  and  (ill)  appropriate 
caution  statements.  Each  claim  must  be 
clearly  defined,  must  reflect  the  data 
and  must  not  extend  beyond  the  demon¬ 
strated  value  of  the  product.  Such  claims 
as  eliminate,  eradicate,  exterminate,  free 
and  rid,  and  any  claim  that  the  product 
is  safe  are  too  broad  and  promising  and 
are  unacceptable. 

(2)  Claims  Subject  to  Regulation 
Under  FIFRA,  as  Amended:  Whether  a 
product  is  Intended  for  use  as  packaged 
or  after  dilution  or  mixture  with  other 
substances,  such  as  water,  kerosene,  talc, 
clay,  fertilizers,  baits,  or  other  carriers, 
solvents,  diluents,  or  propellants,  it  will 
be  considered  a  pesticide  if : 

(i)  Claims  or  recommendations  for  use 
as  a  pesticide  are  made  on  the  label  or 
labeling  of  the  product. 

(il)  Claims  or  recommendations  for 
use  as  a  pesticide  are  made  in  collateral 
advertising,  such  as  publications  or  ad¬ 
vertising  literature  which  does  not  ac¬ 
company  the  product,  or  radio  or  TV 
advertisements. 
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(iil)  Claims  or  recommendations  for 
use  as  a  pesticide  are  made  verbally  or  in 
writing  by  representatives  of  the  manu¬ 
facturer.  shipper,  or  distributor  of  the 
product. 

(iv)  The  product  is  intended  for  use 
as  a  pesticide  after  reformulation  or  re¬ 
packaging. 

(v)  The  product  is  Intended  for  use 
both  as  a  pesticide  and  for  other  pxir- 
poses.  (Such  a  product  is  subject  to  all 
provisions  of  the  Act,  including  section 
2(q)(l)(A)  under  which  a  product  is 
misbranded  if  its  labeling  bears  any 
statement  that  is  false  or  mis1''ading  con¬ 
cerning  any  pesticidal  or  noiipestlcidal 
use.) 

(3)  Claims  subject  to  regulation  tmder 
other  acts:  (i)  Whenever  application  is 
made  to  EPA  for  registration  of  a  prod¬ 
uct  that  is  both  a  drug  and  pesticide,  and 
the  determination  is  made  that  the  prin¬ 
cipal  claims  or  representations  relate  to 
pesticides.  EPA  will  withold  registration 
of  the  product  until  the  Food  and  Drug 
Administration  coisfirms  that  the  prod¬ 
uct  complies  with  the  provisions  of  the 
laws  administered  by  that  agency. 

(ii)  Whenever  application  is  made  to 
EPA  for  the  registration  of  a  product 
that  is  both  a  drug  and  a  pesticide,  and 
the  determination  is  made  that  the  prin¬ 
cipal  claims  or  representations  relate  to 
a  drug,  EPA  will  refer  the  application  to 
FDA  for  processing. 

(iii)  Neither  agency  will  approve  the 
marketing  of  a  product  imder  the  law  ad¬ 
ministered  by  that  agency  if  the  product 
does  not  comply  fully  with  the  require¬ 
ments  of  the  law  administered  by  the 
other  agency. 

(Iv)  Although  the  claim  for  use  in 
federally  inspected  meat,  rabbit,  poultry 
and  egg  processing  plants  will  be  ac¬ 
cepted  on  labeling,  registrants  must  ob¬ 
tain  clearance  for  such  use  of  their  prod¬ 
ucts  from: 

UA.  Department  of  Agrlcultiire,  Meat  and 
Poultry  Inq>ectlon  Program,  Animal  and 
Plant  Health  Inspection  Service.  Washing¬ 
ton,  D.C.  20260. 

or 

U.S.  Department  of  Agriculture,  Egg  Prod¬ 
ucts  Inspection  Programs,  Agricultural 
Marketing  Service,  Washington,  D.C.  20250. 

(4)  Claims  for  manufacturing  use 
only;  (i)  This  phrase  is  permitted  on  the 
product  label  provided  it  is  qualified  by 
wording  on  the  front  panel  Which  iden¬ 
tifies  the  type  of  manufacturing  use  (that 
is,  formulation  of  other  pesticides,  re¬ 
packaging  use,  or  Incorporation  into 
other  manufactured  products  as  preserv¬ 
atives  or  protectants  against  pests) ; 
and  type  of  pesticide  involved  (fungicide, 
herbicide,  insecticide,  disinfectant,  etc.) . 
For  example; 

(A)  For  manufacturing  use  only  in 
formulating  fungicides  and  bactericides. 

(B)  For  manufacturing  use — for  re¬ 
packaging  as  insecticides. 

(C)  For  manufacturing  use — sis  a  bac¬ 
terial  and  fungal  preservative  for  coat¬ 
ings  and  adhesives. 

(il)  The  guidelines  enumerated  below 
are  intended  to  clarify  registration  re¬ 
quirements. 


(A)  Pesticides  intended  for  formula¬ 
tion  of  other  pesticidal  products. 

(1)  Labels  for  products  in  this  cate¬ 
gory  should  bear  the  Identifying  phrase. 
For  Formulation  of  (Insecticides,  Fungi¬ 
cides,  Disinfectants,  etc.  *  *  *),  on  the 
front  panel.  This  phrase  would  normally 
apply  to  an  unformulated  pesticide  in¬ 
tended  to  be  processed  into  another  pes¬ 
ticide  product  by,  for  example,  encap¬ 
sulation,  Incorporation  into  or  onto 
granules,  addition  of  adjuvants,  or  by 
simple  dilution. 

(2)  The  label  or  a  technical  bulletin  to 
which  the  label  refers  must  provide  ade¬ 
quate  Information  concerning  the  physi¬ 
cal  and  chemical  properties  of  the  chemi¬ 
cal  that  are  pertinent  to  the  needs  of 
formulators.  This  requirement  may  be 
waived  when,  as  in  the  case  of  a  common, 
well-known  pesticide,  such  information 
is  generally  available. 

(3)  Proof  of  safety  and  utility  as  a 
pesticide  may  be  waived  in  the  case  of 
well-known  pesticides.  In  other  cases,  the 
registrant  of  formulating-use-only  prod¬ 
ucts  has  2  options: 

(i)  Submit  proof  of  effectiveness  as 
to  the  type  of  pesticide(s)  named,  based 
only  on  presumptive  laboratory  data.  In 
this  case  the  registrant  must  include  a 
statement  on  the  labeling  notifying  for¬ 
mulators  that  they  will  be  responsible  for 
providing  supporting  data  for  their  for¬ 
mulations  ;  or 

(il)  Submit  XYZ  or  John  Doe  labels 
for  various  formulations  together  with 
confirmative  data  on  the  results  of  safety 
and  eflBcacy  tests  for  each  product  for¬ 
mulation.  The  statement  in  item  1  above 
notifying  formulators  is  not  required. 

(B)  Pesticides  intended  for  repackag¬ 
ing.  These  products  would  not  require 
further  processing  or  formulation.  The 
front  panel  of  the  label  should  bear  the 
phrase.  For  Repackaging  of  a  (Fungicide, 
Herbicide,  Rodenticlde,  etc.  *  *  •),  and 
refer  to  a  technical  bulletin.  This  bul¬ 
letin  should  include;  Specimen  labeling 
giving  adequate  directions  for  use  based 
on  a  registered  label  of  identical  formvila- 
tion;  reference  to  laboratory  and  in-use 
efBcacy  and  toxicity  data  which  have 
been  submitted  in  support  of  the  above 
registered  label;  reference  to  the  require¬ 
ment  that  any  new  uses  or  any  further 
reformvilation  of  the  product  may  require 
additional  supportive  laboratory  and/or 
efficacy  and  safety  data ;  and  reference  to 
the  requirement  that  data  may  be  neces¬ 
sary  if  any  modification  of  a  pesticide 
product,  such  as  simple  dilution,  addition 
of  dyes  or  perfumes,  nozzle  designs,  or 
any  other  change  that  could  affect  the 
hazard  or  performance  of  the  product, 
is  involved.  In  lieu  of  the  technical  bulle¬ 
tin,  the  preceding  information  must  ap¬ 
pear  on  the  label  itself. 

(C)  Pesticides  Intended  for  use  in 
items  that  are  not  pesticides.  Products  in 
this  category  should  bear  the  label  claim. 
For  Use  as  a  (Fungicide,  Bactericide, 
Bacterlostat,  etc.  •  •  •)  in  (CToatings, 
Fabrics,  Building  Materials,  etc.  •  *  •). 
The  products  should  be  recognized  pre¬ 
servatives  for  items  or  materials  that  are 
not  themselves  identified  as  pesticides.  A 
technical  bulletin  should  provide:  Infor¬ 


mation  on  pertinent  physical  and  chemi¬ 
cal  properties  of  the  pesticide  product, 
such  as  leaching,  photodegradation,  vol¬ 
atility  and  stability  in  treated  items;  and 
directions  for  use,  including  a  general 
description  of  the  intended  pmTX>se  of 
treatment,  method (s)  of  application, 
dosage  and  relative  safety  to  the  environ¬ 
ment.  Detsdled  directions  for  use  may  be 
omitted  from  the  label  provided  that: 
Such  a  technical  bulletin  is  provided;  the 
pesticide  will  not  come  into  the  hands  of 
the  general  public  except  after  incorpo¬ 
ration  into  finished  products;  and  in  the 
opinion  of  the  Administrator,  such  direc¬ 
tions  are  not  necessary  to  protect  the 
general  public. 

(D)  Pesticides  intended  for  use  in  2  or 
more  categories.  These  products  must 
satisfy  the  labeling  requirements  of  each 
intended  category,  stated  separately  on 
the  label  and  in  the  technical  bulletin  or 
bulletins. 

(E)  Pesticides  intended  for  use  to  con¬ 
trol  pests  in,  on,  or  aroimd  industrial 
sites  are  excluded  from  any  of  the  cate¬ 
gories  listed  above  and  must  be  registered 
with  adequate  directions  for  use  given  on 
the  label  or  in  a  brochure  accompanying 
the  product. 

(5)  Claims  as  Preservatives:  (1)  The 
terms  preservation,  preservative,  pre¬ 
serves,  when  used  alone,  are  interpreted 
to  be  pesticide  claims,  and  the  products 
are  subject  to  registration  under  the  Act. 
The  general  fields  of  usefulness  must  be 
named  and  s[>ecific  organisms  may  be 
identified:  for  example: 

(A)  Preserves  wood  against  fungal 
rots  and  decay. 

(B)  For  the  preservation  of  oll-ln- 
water  emulsions.  Effective  against  Asper¬ 
gillus  niger.  Pseudomonas  fluorescens,  P. 
aeruginosa  and  Staphylococcus  aureus. 

(C)  Preservative  for  leather.  Effective 
against  a  wide  range  of  bacteria  and 
fungi. 

(ii)  If  pesticide  use  is  not  intended,  the 
words  preservatlcm,  preservative  of  pre¬ 
serves  must  be  modified  by  specifying  the 
nonpesticidal  action  intended;  for  ex¬ 
ample: 

(A)  Preserves  the  color  (shape,  tex¬ 
ture,  etc.)  of  *  •  • 

(B)  When  used  as  a  preservative  on 
metallic  surfaces,  protects  against  corro¬ 
sion. 

(iii)  The  terms  preserves,  preserva¬ 
tion,  and  preservative  used  in  conjunc¬ 
tion  with  shoe  polish,  saddle  soaps  and 
leather  conditioners  to  indicate  benefits 
derived  from  water  repellents  and  seal¬ 
ers,  such  as  epoxy,  silicone  and  wax  for¬ 
mulations  which  do  not  contain  active 
antibacterial  or  antifungal  agents,  are 
not  considered  pesticide  claims. 

(c)  Directions  for  use:  (1)  The  label 
directions  should  specify  what  is  to  be 
controlled,  where  or  on  what  it  is  to  be 
controlled,  and  how  the  product  is  to 
be  applied,  at  what  rate,  when  and  with 
what  frequency.  For  example:  The 
names  of  the  pests  or  pest  groups  and 
directions  for  their  control  should  be  as¬ 
sociated  with  the  appropriate  crops  or 
sites  of  application;  the  label  should  in¬ 
dicate  if  a  product  is  for  use  in  green¬ 
houses  and  include  greenhouse  directions 
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and  dosage  rates;  and  the  label  should 
Indicate  if  a  product  is  intended  for 
aircraft  application  and  contain  appro¬ 
priate  directions  for  use.  including  the 
minimxun  amount  of  water  or  other  dilu¬ 
ent  to  be  applied  per  acre. 

(2)  Directions  should  be  appropriate 
for  the  size  of  the  i>ackage  on  which  they 
appear.  'Die  directions  for  home  use 
should  not  require  more  of  the  product 
than  is  contained  in  the  package. 

(d)  Limitations  of  use:  Use  limitations 
should  be  closely  associated  with  the  ap¬ 
propriate  directions  for  use  and  crops  to 
which  they  refer.  Limitations  on  the  uses 
of  pesticides  relate  to  directions  for  use 
and  the  persistence,  toxicity  or  physical 
characteristics  of  the  individual  product. 
Certain  directions  for  use.  such  as  apply 
by  aircraft  or  apply  to  aquatic  sites 
(lakes,  ponds,  streams,  swamps)  will  im¬ 
pose  a  classification  restriction  and  limit 
the  application  of  that  product  to  certi¬ 
fied  applicators.  The  persistence  and 
toxicity  of  a  product  are  reflected  in  such 
limitations  as:  (1)  The  maximum  dosage 
and  time  of  last  application  before 
harvest  of  a  feed  or  food  crop  consistent 
with  an  established  tolerance;  (2)  an  es¬ 
tablished  regulation  on  field  reentry  by 
workers  having  intimate  contact  with  the 
treated  crop;  and  (3)  the  safety  and 
legality  of  planting  subsequent  crops  on 
treated  land.  Limitations  imposed  by  the 
physical  characteristics  of  a  product  in¬ 
clude.  as  an  example,  restrictions  on  the 
use  of  butyl  esters  of  phenoxy  herbicides 
becaxise  of  their  volatility. 

(e)  Precautionary  statements:  Pre¬ 
cautionary  statements  warn  the  public 
of  hazards  which  may  be  encoimtered  in 
handling,  using,  storing  or  disposing  of 
a  product  Hazard  may  be  dependent  on 
toxic  or  irritant  properties,  on  availabil¬ 
ity  of  antidotes,  or  on  explosive,  fiam- 
mability  or  other  special  characteristics, 
^propriate  first-aid  treatments  and 
antidotes,  if  available,  should  appear  in 
the  precautionary  statements.  See  Pack- 
aginjs.  Storage  and  Disposal  for  addi¬ 
tional  information. 

(f)  Labeling  requirements  for  pre¬ 
measured  unit  packaging: 

(1)  Pre-measvired  unit  packages  of 
pesticides  so  marketed  will  be  required 
to  exhibit  the  following  labeling  on  the 
individual  unit  package: 

(i)  Statement  of  active  ingredlent(s) . 

(ii)  The  appropriate  signal  word(s)  as 
well  as  the  skull  and  crossbones,  if  appro¬ 
priate. 

(iii)  The  EPA  Registration  Number. 

This  information  must  appear  in  6  point 
type  or  larger.  The  manufacturer  may,  at 
his  option,  add  additional  information 
to  the  package  when  size  permits,  provid¬ 
ing  it  does  not  detract  from  the  promi¬ 
nence  of  the  required  information.  This 
requirement  applies  to  the  smallest  indi¬ 
vidual  unit  of  a  pesticide  packaged 
separately  which  could  be  expected  to  be 
removed  from  the  outer  container.  If  a 
water-soluble  package  is  enclosed  in  a 
foil  or  plastic  package  on  a  one-to-one 
basis,  only  one  of  the  2  packages  will 
require  the  above  labeling  as  either  one 
would  be  the  smallest  individual  unit 


which  could  be  expected  to  be  removed 
from  the  outer  container. 

(2)  The  outer  container  label  for  all 
pre-measured  unit  packages  must  bear 
the  following  statement  in  a  prominent 
position:  “Do  not  remove  packages  from 
container  except  for  immediate  use”. 

§  162.72  Specific  comments  on  anti¬ 
microbial  agents. 

(a)  The  brand  name  and  the  type  of 
product  identified  on  the  label  must  be 
consistent  with  the  claims  made  and  the 
use  directions  provided.  The  claims  made 
for  a  product  must  be  related  to  the  level 
of  effectiveness  (sterilizer,  sporicide,  dis¬ 
infectant,  sanitizer,  bacteriostat) ,  the 
microorganisms  affected  and  the  pattern 
of  use. 

(b)  Self-sterilizing,  self-disinfecting, 
actively  germicidal,  and  self -sanitizing 
claims  for  surfaces  and  treated  materials 
are  frequently  proposed.  Claims  of  this 
type  have  led  to  a  great  deal  of  confu¬ 
sion  and  deserve  special  attention.  The 
resistance  of  bacteria  to  chemicals  in 
the  absence  of  moisture  virtually  rules  out 
the  possibility  of  producing  self -steriliz¬ 
ing,  self -disinfecting  or  actively  germici¬ 
dal  materials  or  surfaces.  Bacteriostatic 
and  self-sanitizing  materials  and  sur¬ 
faces  may  be  produced  as  the  result  of 
treatments  with  chemicals;  however,  the 
practical  value  of  such  treatments  must 
be  considered  as  a  mitigating  level  of  ac¬ 
tivity  and  must  not  be  classified  as  pro¬ 
tective  in  preventing  the  spread  of  in¬ 
fectious  microorganisms.  The  presence  of 
moisture  is  required  for  growth  of 
microorganisms  as  well  as  for  the  germi¬ 
cidal  activity  of  chemicals.  For  this  rea¬ 
son,  chemicals  that  occiu*  as  a  dried  resi¬ 
due  after  application  of  a  disinfectant  to 
an  inanimate  surface  or  that  exist  in  im¬ 
pregnated  materials  exhibit  antibacterial 
activity  in  the  presence  of  moisture  but 
would  have  only  minimal,  if  any,  activity 
in  the  dry  state.  Obviously,  such  a  claim 
as  permanently  germicidal  for  a  treated 
surface  could  not  be  justified.  In  general, 
claims  made  for  residual  bacteriostatic 
and  self -sanitizing  activity  of  treated 
surfaces  or  materials  are  being  dis¬ 
couraged  because  of  the  unrealistic  test 
procedures  currently  available  and  the 
lack  of  practical  usefulness  and  public 
health  significance  of  the  product  in 
actual  use. 

(c)  The  claims  germproof  or  germ- 
proofed.  referring  to  any  surfaces,  mate¬ 
rials  or  articles,  indicate  the  es^tence 
of  actively  germicidal  or  self -disinfect¬ 
ing  properties.  Since  there  are  no  known 
pesticides  that  have  been,  shown  to  pro¬ 
vide  these  benefits,  these  claims  are  not 
permitted  on  the  label  or  labeling  of  dis¬ 
infectant  products. 

(d)  The  unqualified  claims  kills  germs 
and  kills  bacteria  may  be  considered  by 
the  consumer  as  synonymous  with  steril¬ 
ization.  Since  no  differentiation  is  made 
with  respect  to  the  type  of  germs  which 
will  be  killed,  the  pui^aser  has  a  right 
to  expect  that  the  product  will  kill  all 
germs  and  aU  bacteria,  including  the 
most  resistant  bacterial  endospores. 
These  claims  are  badly  misused  in  ad¬ 
vertising  media.  The  claims  kills  most 


germs,  kills  many  germs,  kills  most  bac¬ 
teria  and  kills  many  bacteria  may  be  ai>- 
propriate  for  many  disinfectants,  pro¬ 
vided  that  laboratory  or  test  data  de¬ 
veloped  with  both  Gram-positive  and 
Oram-negative  organisms  support  such 
claims. 

(e)  Claims  for  usefulness  against  spe¬ 
cific  diseases  and  specific  infectious  bac¬ 
teria,  fungi  and  viruses  are  commonly 
proposed.  It  is  considered  misleading  to 
claim  that  applications  of  any  germicide 
or  disinfectant  to  inanimate  surfaces  will 
be  effective  against  any  specific  disease. 
A  disease  is  a  condition,  and  the  words, 
typhoid,  tuberculosis,  cholera,  p>oliomye- 
litis,  anthrax,  etc.,  describe  specific  path¬ 
ological  conditions.  When  used  in  label¬ 
ing  and  advertising,  they  imply  that  the 
product  may  have  value  in  the  treat¬ 
ment  of  the  specific  condition  or  condi¬ 
tions  named,  but  this  is  seldom,  if  ever, 
true.  Claims  for  effectiveness  against  the 
specific  causative  agents  of  diseases,  how¬ 
ever,  are  acceptable,  if  true. 

(f)  In  the  registration  of  products, 
such  superlative  claims  as  ideal  and  per¬ 
fect  are  objectionable.  The  word  ideal 
denotes  perfection,  and  it  would  be  vm- 
fair  to  allow  a  manufactiu^r  to  portray 
his  product  at  this  standard  of  excel¬ 
lence.  It  should  be  deleted,  or  replaced 
with  a  designation  such  as  good,  especial¬ 
ly  adapted  or  excellent,  whichever  may 
be  true. 

(g)  Names  coined  from  the  word  steril¬ 
ize,  such  as  Steri,  Steryl,  etc.,  are  con¬ 
sidered  to  imply  that  the  product  is  a 
sterilizing  agent  and  are  objectionable. 

(h)  Phenol  Coefllcients:  A  phenol  co¬ 
efficient  claim  constitutes  a  disinfectant 
claim.  An  unqualified  phenol  coefficient 
claim  is  interpreted  to  represent  a  value 
against  Salmonella  typhosa.  Where  a 
phenol  coefficient  is  declared  aigainst  any 
other  bacterium,  the  phenol  coefficient 
against  S.  t^phosa  also  must  be  declared. 
Phenol  coefficient  claims  are  not  accept¬ 
able  for  acid  toilet  bowl  cleaners,  hsJo- 
gens,  alkalis,  alcohols,  formaldehyde  and 
potassium  permanganate. 

(i)  Virucides:  The  claim  virucidal  is 
not  acceptable  unless  qualified  according 
to  the  specific  viruses  or  typ>es  of  viruses 
against  which  the  product  has  been 
tested  and  shown  to  be  effective.  A  viru¬ 
cidal  claim  must  also  include  the  phrase 
on  environmental  surfaces. 

(j)  Effectiveness  in  hard  water;  (1)  If 
claims  for  effectiveness  in  hard  water  are 
made,  the  label  must  indicate  the  hard 
water  tolerances  claimed:  for  example. 

Effective  in  waters  up  to _ KJm 

hardness  calculated  as  calcium  carbo¬ 
nate;  or,  to  meet  the  requirements  of  the 
U.S.  Public  Health  Service  Ordinance 
and  Code,  This  product  fulfills  the  cri¬ 
teria  of  Appendix  F  of  the  Grade  A  Pas¬ 
teurized  Milk  Ordinance,  1965  Recom¬ 
mendations  of  the  U.S.  Public  Health 

Service  in  waters  up  to _ ppm  of 

hardness  calculated  as  calcium  carbonate 
when  tested  by  the  AOAC  Germicidal 
and  Detergent  Sanitizers — Official  Meth¬ 
od.  When  it  is  shown  that  the  hard  water 
values  materially  differ,  as  between  S. 
aiireus  and  E.  coli,  the  lowest  value  must 
be  stated.  In  this  case,  the  respective 
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hard  water  values  may  also  be  stated 
separately. 

(2)  Any  product  that  bears  label  claims 
for  effectiveness  in  hard  water  must  be 
tested  by  the  appropriate  method  in  hard 
water  at  the  tolerances  claimed. 

(k)  Air  sanitizers:  (1)  Glycols  and 
glycol  mixtures  sold  to  temporarily  re¬ 
duce  the  number  of  microorganisms  in 
the  air  are  subject  to  the  provisions  of 
the  FIPRA,  as  amended.  With  glycols 
and  glycol  mixtures  sold  for  the  use  in 
continuous  vaporizing  devices,  the  vapor¬ 
izer  itself  ne^  not  be  registered;  how¬ 
ever,  since  its  use  is  stipulated  as  an 
integral  part  of  the  directions  for  use  of 
a  sp)eciflc  pesticide,  the  labeling  used  in 
connection  with  the  sale  of  the  vaporizer 
is  collateral  to  the  labeling  of  the  pesti¬ 
cide  and  must  be  submitted  as  a  part  of 
the  registration.  Label  directions  must 
stipulate  that  all  doors  and  windows  be 
closed,  the  length  of  time  the  product 
should  released  into  the  air  and  the 
appropriate  percentage  relative  hiunidity 
necessary  for  the  product  to  be  effective. 

(2)  Adequate  experimental  data  is 
available  to  show  that,  irresi)ective  of 
the  method  of  dissemination,  air  sani¬ 
tizers  will  not  sterilize,  disinfect,  act  as 
a  germicide,  or  protect  exp>erimental  ani¬ 
mals  from  infection  by  airborne  bacteria 
and  viruses.  They  will  be  accepted  for 
registration  when  the  claims  are  made 
in  such  a  manner  as  to  clearly  indicate 
the  mitigating  nature  of  the  activity  of 
glycol  vai)ors  continuously  dispensed  and 
when  adequate  directions  for  the  main¬ 
tenance  of  effective  atmospheric  condi¬ 
tions  and  vaptor  concentrations  are  fur¬ 
nished. 

(3)  With  dispiensers  for  the  intermit¬ 
tent  treatment  of  air,  such  as  aerosols, 
no  appreciable  amount  of  scientific  data 
exists  in  the  literature  to  indicate  that 
products  of  this  typ)e  have  any  practical 
value,  except  under  spieciflc  situations, 
because  of  the  rapid  rate  of  disapi)ear- 
ance  of  glycol  vai)or  from  the  air. 

(4)  Claims  like  the  following  are  im- 
acceptable  for  air  sanitizers:  Kills  Cold 
and  Flu  Germs  in  Midair;  Destroys  Mi¬ 
crobes  that  Spread  Measles,  Mumps, 
Pnemnonia,  Strep  Throat,  Colds,  Flu; 
Protects  Homes,  OflBces  Against  Infec¬ 
tious  Diseases;  Gives  Protection  to  OfBce 
Workers;  Effective  Cold  Treatment; 
Germ  Killing;  Air  Disinfection;  Prevents 
the  Spread  of  Acute  Respiratory  Infec¬ 
tions;  Sterilizes  Air;  Purifies  Air;  Germi¬ 
cidal  Vap>ors;  Bactericidal  Vap)ors. 

(5)  The  phrases  Fresh  Air,  Refresh  the 
Air,  Air  J^shener,  Provides  Fresh  Air 
are  objectionable  to  that  use  of  these 
products  cannot  be  considered  as  an  ef¬ 
ficient  substitute  for  adequate  ventila¬ 
tion  in  closed  spaces,  and  such  products 
do  not  provide  fresh  air.  Qualified  terms 
such  as  Provides  Refreshing  Fragrance 
would  be  acceptable.  The  term  fresh 
when  used  with  the  word  air  requires  a 
prefix  and  a  sufi^  (refreshner)  to  avoid 
connotations  of  providing  fresh  air. 

(6)  The  label  of  products  conciurently 
represented  as  siuface  disinfectants  and 
sdr  sanitizers  mmt  clearly  delineate  and 
separate  the  claims  and  directions  for 
surface  disinfectants  from  those  of  air 
sanitizers. 


(7)  Fogging  applications  of  disinfect¬ 
ants  cannot  be  accepted  to  disinfect  air 
or  room  surfaces.  Thus,  such  label  repre¬ 
sentations  as  germicidal  fogging,  decon¬ 
tamination  and  disinfectant  fogging  are 
not  acceptable.  Recommendations  for 
fogging  applications  of  chemicals  to  san¬ 
itize  surfaces  may  be  accepted  when  di¬ 
rections  specify  that  this  use  is  an  ad¬ 
junct  to  accepted  methods  of  manual 
cleaning  and  disinfecting. 

(1)  Antimicrobial  Ftimigrants.  (1) 
Either  disinfection  or  sterilization  may 
be  accomplished  under  certain  conditions 
by  the  use  of  gases  or  vap>ors.  The  chemi¬ 
cals  most  commonly  used  are  formalde¬ 
hyde  and  ethylene  oxide.  Complete  di¬ 
rections  for  use  must  be  provided  to 
stipulate  the  amount  of  gas  or  vapor 
necessary,  the  cubic  feet  of  closed  space 
to  be  treated  and  the  exposure  time  re¬ 
quired  to  accomplish  the  intended  end 
result. 

(2)  Sterilizing  processes  using  ethyl¬ 
ene  oxide  require  a  pretreatment  to  re¬ 
hydrate  dry  spores  which  may  be  present. 

(3)  If  pretreatment,  relative  humid¬ 
ity,  temperature  or  other  factors  are  es¬ 
sential  to  the  effective  use  of  any  of  these 
chemicals,  requirements  must  be  clearly 
specified  on  the  label. 

(m)  Laundry  additives.  (1)  A  clear 
distinction  should  be  made  between 
products  recommended  for  household 
laundering  and  products  represented  as 
commercial  laundry  additives.  Directions 
for  household  laundering  products  may 
require  different  dosages  for  front-load¬ 
ing  or  top-loading  automatics  and/or 
wringer-type  washers.  Product  dosages 

•  in  this  instance  must  be  stipulated  as 
household  measures.  The  fabric-to-water 
ratio  in  home  laundering  is  about  1:10, 
whereas  in  commercial  laundering  the 
ratio  is  1:5.  The  effectiveness  of  certain 
products  is  significantly  altered  because 
of  these  differences;  thus,  demonstrated 
efficacy  in  one  system  cannot  be  extra¬ 
polated  to  the  other. 

(2)  Dosage  directions  for  use  in  com¬ 
mercial  laimdering  may  be  based  on 
pounds  of  dry  cloth.  To  determine  the 
aqueous  concentration  of  the  product, 
each  pound  of  dry  cloth  is  converted  to 
5  lb  of  water.  The  use  of  sours  or  acid 
salts  or  fluorine  and/or  acetic  acid  with 
acetates  to  the  final  rinse  requires  deter¬ 
mination  of  efficacy  with  the  sour  pres¬ 
ent  to  test  solutions. 

(3)  Label  claims  must  be  keyed  to  the 
actual  levels  of  activity  that  have  been 
tested  and  substantiated,  and  where  bac¬ 
teriostatic  and/or  sanitizing/disinfecting 
claims  are  concurrently  made,  the  label 
text  and  directions  must  clearly  delineate 
and  separate  the  resiiectlve  levels  of 
activity.  Claims  for  residual  self -sanitiz¬ 
ing  activity  on  treated  fabrics  must  be 
related  to  the  presence  of  moisting;  for 
example,  imparts  a  self -sanitizing  resid¬ 
ual  on  treated  fabric,  active  to  the  pres¬ 
ence  of  moisture  would  be  acceptable. 

(n)  Toilet  bowl  and  urinal  disinfect¬ 
ants  and  sanitizers:  (1)  Claims  for  dis¬ 
infecting  the  hidden  trap  and  claims  for 
solutions  to  the  fiush  tank  to  disinfect 
the  bowl  each  time  the  toilet  is  flushed 
are  imacceptable.  Drip  feeder  systems, 
liquid  chemicals  and  deodorizing  blocks 


are  not  accepted  as  disinfectants  or 
sanitizers  for  such  fixtures,  although 
there  is  no  objection  to  deodorizing 
claims  for  such  chemicals.  Where  it  is 
demonstrated  that  a  practical  level  of 
bacteriostatic  odor-controlling  activity 
can  be  maintained  in- the  water  reservoir 
or  traps,  such  claims  may  be  acceptable. 

(2)  If  directions  for  usi  of  the  product 
specify.  Force  the  bowl  water  over  the 
trap,  liquid  concentrates  recommended 
for  direct  application  to  the  bowl  can  be 
accepted  for  disinfecting.  Provided.  That 
additional  directions  specify  swabbing 
all  surfaces  thoroughly.  The  product  may 
be  tested,  imdiluted,  against  Salmonella 
chloraesuis  by  the  AOAC  Use-Dilution 
Method. 

(3)  When  residual  water  is  present  in 
the  bowl  (approximately  96  fl.  oz),  a 
concentration  high  enough  to  kill  S. 
choleraesuis  to  the  AOAC  Use-Dilution 
Method  must  be  specified  with  additional 
directions  for  swabbing  all  bowl  surfaces. 

(4)  The  directions  for  use  of  toilet 
bowl  sanitizers  must  also  specify  swab¬ 
bing  all  surfaces  thoroughly  and  may  be 
tested  in  a  manner  similar  to  disinfect¬ 
ants  by  the  appropriate  surface  sanitizer 
test. 

(o)  Chemical  toilets:  Lye.  coal  tar 
emulsions,  cresylic  acid-soap,  phenolic- 
soap,  phenolic  salts,  orthodichloroben¬ 
zene  and  quaternary  ammoniiun  com¬ 
pounds  have  been  registered  for  use  in 
chemical  toilets.  No  claims  for  disinfec¬ 
tion  of  the  excreta  itself  are  acceptable. 
The  products  may,  however,  be  identified 
as  disinfectants.  If  such  identification  is 
made,  the  directions  for  use  must  include 
instructions  which  will  adequately  dis¬ 
infect  the  container.  Claims  related  to 
human  wastes  must  be  restricted  as,  for 
example,  to  aid  in  the  sanitary  disposal 
of  human  waste. 

(p)  Dust  mop  and  cloth  treatment 
compounds:  Claims  of  effectiveness  must 
be  restricted  to  bacteriostatic  action  on 
the  treated  mop  or  cloth,  and  the  label 
text  must  clearly  distinguish  between  the 
bacteriostatic  activity  and  dust  retention. 
Directions  for  use  must  be  sufficient  to 
yield  a  finished  mop  or  cloth  that  can  be 
shown  to  the  bacteriostatic  by  test  and 
efficacious  as  a  vehicle  for  gathering  and 
holding  dust  particles. 

(q)  Mattresses  and  upholstered  fmml- 
ture:  Fumigation  or  gaseous  sterilization 
is  the  only  effective  and  practical  means 
to  sanitize,  disinfect  or  sterilize  pillows, 
mattresses,  upholstered  furniture  or  sim¬ 
ilar  dense  objects.  Disinfectants  are  not 
effective  for  these  uses  and  claims  for 
such  products  are  unacceptable.  Some 
components  of  furniture,  however,  such 
as  fabrics,  leather,  plastics,  burlap  and 
ticking,  can  be  effectively  treated  to  re¬ 
sist  microbial  deterioration  before  fab¬ 
rication  into  furniture.  For  additional 
information,  see  the  discussion  on  ma¬ 
terial  preservation. 

(r)  Bird  cage  and  animal  litters:  In 
controlling  odors  to  animal  rooms,  to  bird 
houses  to  zoological  parks,  to  bird  cages 
and  in  pet  litter  boxes  to  the  home,  it  has 
become  common  practice  to  treat  the 
litter  with  chemicals  to  prevent  the 
growth  of  odor-producing  bacteria.  Prod¬ 
ucts  with  claims  for  odor  contrc^  only  can 
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be  registered  on  the  basis  of  valid,  simu-* 
lated  in-use  data  submitted  by  manufac¬ 
turers. 

(s)  Household  and  institutional  (non¬ 
medical)  :  An  imqualifled  representation 
that  a  product  is  intended  for  use  in  in¬ 
stitutions  is  too  broad  in  that  it  may  in¬ 
clude  or  imply  use  in  medical  as  well  as 
nonmedical  institutions.  The  require¬ 
ments  to  substantiate  efficacy  will  be  ap¬ 
plied  on  the  basis  of  medical  use  adiere 
the  unqualified  word  institutional  ap¬ 
pears  on  the  labeling. 

(t)  Hospital  and  related  institutions: 

(1)  A  hospital  disinfectant  must  be 
tested  against  Pseudomonas  aeruginosa. 
If  it  is  not  effective  against  this  test 
organism,  the  product  still  may  be  ac¬ 
cepted  for  registration  bearing  hospital, 
medical,  dental,  clinical  and  veterinary 
representations.  However,  in  this  case, 
the  label  must  bear  a  prominent  dis¬ 
claimer  to  the  effect  that  the  product  is 
not  effective  against  Pseudomonas  spe¬ 
cies.  The  label  disclaimer  may  be  re¬ 
placed  by  special  directions  needed  to 
assure  efficacy  against  this  organism  if 
certain  concoitrations  or  applications  in 
a  special  manner  are  required. 

(2)  No  activity  short  of  disinfection  is 
ccmsidered  to  have  practical  significance 
in  critical  medical  areas,  such  as  in¬ 
fectious  wards,  isolation  areas,  operat¬ 
ing  rooms  and  intensive  care  units.  Prod¬ 
ucts  not  identified  as  disinfectants  and 
recommended  for  use  in  hospitals  must 
be  restricted  to  use  in  noncritical  hos¬ 
pital  aresis  and  must  bear  a  disclaimer 
su<^  as.  This  product  is  not  a  terminal 
disinfectant  and  must  not  be  relied  upon 
as  a  disinfectant  for  critical  hospital 
areas. 

(3)  When  products  are  sold  or  recom¬ 
mended  for  use  in  the  disinfection  of 
surgical  instruments,  directions  for  use 
must  include  instructions  for  cleaning 
all  instruments  to  remove  adhering 
blood,  pus  and  serous  exudates  before 
Immersion  in  the  solution  recommended. 
This  is  critical  for  hinged  instruments 
or  other  devices  containing  small  orifices, 
tubes  or  seams. 

(4)  Oral  and  inhalation  equipment 
used  in  hospitals  and  related  institu¬ 
tions  are  reported,  with  increasing  fre¬ 
quency,  to  be  vehicles  for  disease  trans¬ 
mission.  The  moist  environment  in 
components  of  the  equipment  tends  to 
maintain  the  viability  of  microorganisms 
that  are  deposited  there  following  use 
by  the  patient.  If  a  product  is  recom¬ 
mended  for  disinfection  of  such  equip¬ 
ment,  it  should  be  effective  against  P. 
aeruginosa  and  Mycobacterium  tubercu¬ 
losis  as  well  as  S.  aureus;  efficacy  against 
bacterial  spores  may  be  required  in  the 
future.  Becatise  of  the  serious  nature  of 
this  problem,  whenever  practicable,  such 
equipment  should  be  disassembled,  pre¬ 
cleaned  and  sterilized,  and  label  direc¬ 
tions  should  include  this  recommenda¬ 
tion. 

(5)  Claims  for  disinfection  of  human 
wastes  are  unacceptaUe,  although  dis¬ 
infectants  may  be  recommended  to  aid 
in  the  sanitary  dlq)osal  of  such  wastes 
and  to  dl^nfect  the  containers  them¬ 
selves  after  clcatning. 


(6)  Deodorants  used  in  the  hospital 
environment  are  generally  products  that 
simply  mask  the  odors  associated  with 
patients  suffering  from  incontinence, 
draining  wounds,  severe  biums,  etc.,  and 
are  not  practical  in  controlling  or  in¬ 
hibiting  microbial  growth.  However, 
some  bacterio-static  deodorants  have 
been  accepted  for  hospital  use  where 
claims  of  value  are  clearly  defined.  Care 
must  be  exercised  to  avoid  confusimi  of 
deodorizing  activity  with  disinfection. 

(u)  Barber  shops  and  beauty  parlors: 

(1)  Adequate  cleaning  and  disinfection 
of  Instruments  and  equipment  between 
customers  should  be  recommended  on 
the  label.  Products  manufactured  for 
these  uses  include  bacteriostats,  sani¬ 
tizers,  and  disinfectants. 

(2)  Use  of  such  products  is  usually 
controlled  by  local  ordinance.  The  re¬ 
quirements  are  far  from  being  uniform, 
and  much  of  the  wording  employed  is 
inconsistent  with  any  reasonable  law 
enforcement  program.  Sterilizing  re¬ 
quirements  are  almost  always  confused 
with  sanitizing  and  disinfecting  proc¬ 
esses.  Thus,  it  is  impossible  to  draw  up 
a  registration  policy  that  will  meet  all  of 
these  health  requirements  and  not  con¬ 
flict  with  certain  specifications. 

(3)  The  basic  policy  employed  is  that 
a  disinfectant  for  this  use  should  be 
effective  against  both  enteric  and  pyo¬ 
genic  bacteria.  If  fungicidal  claims  are 
made  in  the  labeling,  the  product  must 
be  effective  against  pertinent  pathogenic 
fungi  as  well  as  bacteria. 

(4)  Difficulties  have  been  enecountered 
with  anhydrous  lubricants  for  clippers. 
No  disinfecting  claims  have  been  ac¬ 
cepted  for  such  products,  although  repre¬ 
sentations  as  bacteriostatic  cleaning  oils 
have  been  accepted. 

(V)  Funeral  homes,  mortuaries  and 
morgues:  Various  products,  such  as  deo¬ 
dorizers,  sanitizers  and  disinfectants  rep¬ 
resenting  a  rather  wide  variety  of  special 
chemicals,  are  used  in  these  establish¬ 
ments.  Products  that  are  represented 
solely  for  embalming  bodies  and  that 
make  no  pestlcidal  claims  are  exempted 
from  the  provisions  of  the  Federal  In¬ 
secticide,  Fimgiclde,  and  Rodenticide 
Act,  as  amended.  However,  products  sold 
for  use  on  instruments,  equipment,  fiu- 
nishings,  preparation  and  autopsy  rooms 
and  associated  vehicles  are  subject  to  the 
Act  and  must  be  registered.  Exorbitant 
claims  for  protection  of  personnel  are 
unacceptable  for  these  products. 

(w)  Restaurants,  Taverns,  etc.:  (1) 
Various  disinfectants,  germicides,  san¬ 
itizers  and  detergent-sanitizers  are  rec¬ 
ommended  for  use  on  cooking  utensils, 
dishes  and  glasses  in  restaiuants,  tav¬ 
erns.  bars,  lunch  counters  and  other 
establishments  where  food  or  beverages 
are  served.  Sc«ne  of  the  products  serve 
as  germicidal  rinses  for  previously 
cleaned  dairy  and  food  processing  equip¬ 
ment  as  well  as  for  dishes  and  glasses  in 
restaurants. 

(2)  The  basic  requirements  for  such 
products,  except  for  those  used  on  inter¬ 
state  carriers,  are  stipulated  in  various 
local  Public  Health  Ordinances  which 
vary  widely  as  to  detail  The  U.S.  Public 


Health  Service  has  provided  a  Model 
Ordinance  and  Code  which  makes  cer¬ 
tain  recommendations  in  this  field. 
Many  local  ordinances,  however,  differ  hi 
their  specifications  from  this  Code.  Thus, 
the  general  policy  has  been  to  develop 
labeling  requirements  based  on  modified 
claims,  so  that  all  products  for  which 
there  is  specific  public  health  demand  in 
some  locality  can  be  legally  transported 
in  interstate  commerce. 

(3)  Emphasis  is  directed  toward  the 
differentiation  between  sanitizing  and 
disinfecting  reflected  in  the  definitions 
employed.  Although  the  most  desirable 
type  of  directions  for  sanitizing  or  disin¬ 
fecting  should  specify  washing,  rinsing 
in  water  and  rinsing  in  the  chemical  solu¬ 
tion,  directions  specifying  two-stage 
processes  are  accepted;  that  is,  washing 
and  only  rinsing  in  the  chemical  solution. 

(x)  Farm  uses.  (1)  Products  which  are 
recommended  for  use  on  farm  premises 
are  divided  into  2  major  categories,  food 
and  nonfood,  as  determined  by  the  in¬ 
tended  use  and  the  claims  which  appear 
on  the  label.  The  guidelines  for  register¬ 
ing  farm-use  items  which  fall  into  the 
nonfood-use  category  are  the  same  as 
those  applicable  to  general  household 
and  institutional  (nonmedical)  uses. 

(2)  Whenever  the  recommended  uses 
of  a  product  are  such  that  residues  of 
the  chemical  are  likely  to  contaminate 
animals  which  may  be  a  source  of  food, 
feeds  for  such  animals,  or  food  products 
derived  from  animals,  the  product  is 
identified  as  a  food-use  item.  These  prod¬ 
ucts  must  be  cleared  through  the  Pood 
and  Drug  Administration.  If  the  appli¬ 
cant  cannot  submit  evidence  that  his 
product  has  been  cleared  for  the  food 
uses  shown  on  the  label,  the  product  will 
not  be  registered  under  the  proposed 
label.  The  applicant  may  desire  to  revise 
his  proposed  label  so  that  the  product 
can  be  identified  as  a  nonfood-use  item. 
This  is  generally  accomplished  by  spe¬ 
cifically  directing  the  user  to  take  appro¬ 
priate  steps  to  avoid  any  contact  of  the 
product  with  food  animals,  feed  and  wa¬ 
ter,  feeding  and  watering  devices  and 
containers  which  might  be  used  for  the 
byproducts  of  animals  as  a  source  of 
food.  Removing  animals  from  premises 
before  disinfection  of  surfaces  and  thor¬ 
ough  rinsing,  after  treatment,  of  water¬ 
ing  and  feeding  devices  is  usually  ade-. 
quate  to  place  the  product  in  the  non¬ 
food-use  category.  For  example,  the  fol¬ 
lowing  precautions  are  required  for  non¬ 
food-use  farm  premise  disinfectants  con¬ 
taining  cresylic  acid  or  synthetic  phe¬ 
nols: 

(i)  Do  not  use  in  milking  stalls,  milk¬ 
ing  parlors  or  milk  houses. 

(li)  Remove  all  animals  and  feeds  from 
premises,  cars,  boats,  trucks  and  other 
equipment. 

(ill)  Remove  all  litter  and  manure 
from  fioors,  walls  and  surfaces  of  bams, 
pens,  stalls,  chutes  and  other  facilities 
and  fixtures  occupied  or  traversed  by 
animals. 

(iv)  Empty  all  troughs,  racks  and 
other  feeding  and  watering  appliances. 

(v)  Saturate  all  surfaces  with  accepted 
disinfecting  solution. 
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(vi)  Immerse  all  halters,  ropes  and 
other  types  of  equipment  used  in  han¬ 
dling  and  restraining  animals  as  well  as 
forks,  shovels  and  scrapers. 

(vii)  Ventilate  buildings,  cars,  boats 
and  other  closed  spaces.  not  house 
livestock  or  employ  equipment  until 
treatment  has  been  absorbed,  set  or 
dried. 

(vlii)  Thoroughly  scrub  all  treated 
feed  racks,  mangers,  troughs,  automatic 
feeders,  fountains  and  waterers  with  de¬ 
tergents  and  rinse  with  potable  water 
before  reuse. 

(3)  The  following  special  label  direc¬ 
tions  are  required  for  poultry  house  dis¬ 
infectants  to  permit  their  classification 
as  nonfood-use  products.  These  direc¬ 
tions  must  appear  on  labeling  of  products 
containing  cresylic  acid,  synthetic  phe¬ 
nols,  pine  oils  or  quaternary  ammonium 
compounds. 

(1)  Remove  all  poultry  and  feeds 
from  premises,  trucks,  coops  and  crates. 

(il)  Remove  all  litter  and  droppings 
from  floors,  walls  and  surfaces  of  facili¬ 
ties  occupied  or  traversed  by  poultry. 

(ill)  Empty  all  troughs,  racks  and 
other  feeding  and  watering  appliances. 

(iv)  Saturate  surfaces  with  recom¬ 
mended  solution. 

(v)  Ventilate  buildings,  coops  and 
other  closed  spaces.  Do  not  house 
poultry  or  employ  equipment  until  treat¬ 
ment  has  been  absorbed,  set  or  dried. 

(vi)  Thoroughly  scrub  treated  feed 
racks,  mangers,  troughs,  automatic  feed¬ 
ers,  fountains  and  waterers  with  deter¬ 
gents  and  rinse  with  potable  water  before 
reuse. 

(4)  The  Food,  Drug,  and  Cosmetic 
Act  authorizes  the  setting  of  tolerances 
for  residues  of  pesticides  which  may 
legally  remain  in  or  on  food  or  feed.  The 
procedure  for  establishing  tolerances 
through  the  Registration  Division  of  the 
Environmental  Protection  Agency  is 
given  in  detail  in  Petitions  for  Tol¬ 
erances. 

(5)  Flank  and  udder  washes  and  teat 
dips:  (I)  Products  which  are  recom¬ 
mended  solely  for  use  as  antibacterial 
agents  on  the  living  body  of  man  or  ani¬ 
mals  are  not  subject  to  the  provisions  of 
the  Federal  Insecticide,  Fungicide,  and 
Rodentlcide  Act,  as  amended.  They  may, 
however,  be  subject  to  regulation  by  the 
Food  and  Drug  Administration. 

(li)  Many  pesticides  which  are  recom¬ 
mended  for  use  on  inanimate  surfaces 
on  dairy  farms  bear  additional  label  di¬ 
rections  for  use  as  teat  dips  and  flank  and 
udder  washes  for  dairy  cattle  and  far¬ 
rowing  sows.  The  acceptance  for  regis¬ 
tration  of  labeling  of  any  pesticide  recom¬ 
mended  for  use  on  living  animal^  as  an 
antibacterial  treatment  will  be  contin¬ 
gent  upon  clearances  for  these  uses  by 
the  Food  and  Drug  Administration. 

(6)  Egg  washing  and  sanitizing. 
Products  recommended  for  cleaning  and 
sanitizing  eggs  are  divided  Into  2  cate¬ 
gories:  Those  used  on  eggs  for  human 
consiunption  and  those  used  on  hatch¬ 
ing  eggs  only.  Applications  on  eggs  for 
human  consumption  are  Identified  as 
food  additives  and  clearance  must  be 
obtained  from  the  Registration  Division, 


EPA.  Products  recommended  for  use  on 
hatching  eggs  are  not  identified  as  food 
additives.  Claims  of  effectiveness  from 
egg  washing  and/or  egg  dli)s  generally 
are  restricted  to  the  benefit  (reduction 
of  bacteria)  derived  during  the  treatment 
period.  Any  additional  claims  for  residual 
control  activity  and/or  improved  hatch- 
ability  compared  to  untreated  eggs  must 
be  supported  with  reliable  test  data.  (See 
also  Antimicrobial  Agents,  Sanitizing 
Rinses.) 

(y)  Processing  and  industrial  uses:  (1) 
Dairy,  Food  and  Beverage  Plants,  (i) 
The  basic  requirements  for  products  in 
this  category  are  based  on  the  Grade 
“A”  Pasteurized  Milk  Ordinance  recom¬ 
mended  code  of  the  U.S.  Public  Health 
Service  as  set  forth  in  Public  Health 
Service  Publication  No.  229.  This  publi¬ 
cation  is  available  from  the  Government 
Printing  Office.  Products  proposed  as 
sanitizers  for  aplication  in  or  on  surfaces 
or  articles  coming  in  contact  with  food 
in  dairies,  bakeries,  breweries,  canneries, 
meat  packing  houses,  slaughter  houses, 
poultry  processing  plants  or  any  other 
food-processing  industry  require  essen¬ 
tially  the  same  efficacy  tests  and  label 
directions  for  use. 

(ii)  In  dairy  sanitizer  applications, 
local  ordinances  differ  in  their  specifica¬ 
tions  from  the  USPHS  Model  Ordinance 
and  Code.  Thus,  modified  claims  and 
recommendations  specific  for  a  particu¬ 
lar  locality  may  be  acceptable  on  pro¬ 
posed  labels. 

(iii)  In  general,  products  in  this  cate¬ 
gory  require  a  clear  differentiation  in 
the  label  text  between  disinfecting  and 
sanitizing.  The  directions  must  stipulate 
thorough  precleaning  with  soap  or  deter¬ 
gent,  rinsing,  followed  by  immersion, 
flooding  or  spraying  with  the  terminal 
sanitizing  treatment.  Where  disinfecting 
claims  are  made,  separate  directions 
must  be  provided  that  stipulate  modes 
of  application  and  the  product  concen¬ 
tration  that  would  assure  disinfection. 
In  registering  iodophors,  label  references 
to  concentrations  of  iodine  must  be  ex¬ 
pressed  as  titratable  iodine. 

(Iv)  Sanitizers  applied  to  food  contact 
surfaces  are  defined  as  incidental  food 
additives  under  the  Federal  Food,  Drug, 
and  Cosmetic  Act  and  require  establish¬ 
ment  of  a  food  additive  tolerance.  A  list 
of  chemical  agents  for  which  such  toler¬ 
ances  have  been  establi^ed  may  be 
obtained  from: 

Commissioner  for  Compliance 

Food  and  Drug  Administration 

Department  of  Health,  Education,  and 
Welfare 

Washington,  D.C.  20201 

(V)  Products  recommended  for  use  in 
meat,  poultry  and  rabbit  processing 
plants  may  also  require  authorization 
for  use  in  federally  inspected  establish¬ 
ments.  Applications  should  be  sent  to  the 
following  address: 

UJ3.  Department  of  Agricultiuw 
Meat  and  Poultry  Inspection  Program 
Animal  and  Plant  Health  Inspection  Service 
Washington,  D.C.  20260 

(vi)  Applications  for  products  recom¬ 
mended  for  use  In  egg-processing  plants 
should  be  sent  to: 


U.S.  Department  of  Agriculture 
Egg  Products  Inspection  Programs 
Agricultural  Marketing  Service 
Washington,  D.C.  20250 

(vii)  Acceptance  of  a  product  for  use 
in  officially  inspected  plants  does  not  con¬ 
vey  with  it  a  license  to  claim  or  imply 
approval  or  endorsement  by  any  Federal 
agency.  A  label  representation,  such  as 

authorized  by  USDA  for  use  in - - 

with  the  naming  of  the  types  of  estab- 
lishment(s)  or  plant (s)  for  which  the 
product  has  been  authorized,  can  be  ac¬ 
cepted. 

(2)  Preservatives  for  raw  foods  or 
feeds.  Products  intended  for  use  on  or  in 
processed  foods  or  beverages  are  not  sub¬ 
ject  to  FIFRA,  as  amended,  and  do  not 
require  registration.  Products  proposed 
for  use  on  raw  agricultural  commodities 
as  preservatives  must  confer  a  mitigating 
or  growth  inhibiting  level  of  antimicro¬ 
bial  activity  when  applied  directly  to  such 
foods  or  feeds.  No  claims  for  sanitizing 
or  disinfecting  can  be  considered.  The 
main  intent  of  use  is  to  control  mold 
growth;  however,  in  certain  instances 
control  of  bacteria  may  also  be  intended. 
The  applicant  should  carefully  consider 
the  primary  intent  of  use  and  make  label 
claims  accordingly.  If  the  chemical  agent 
proposed  is  a  known  food  preservative, 
such  as  sorbic  acid,  potassium  sorbate, 
propionic  acid,  sodiiun  propionate,  so¬ 
dium  benzoate  or  an  acceptable  antibio¬ 
tic,  no  test  data  to  substantiate  claims 
are  required.  Where  the  proposed  product 
contains  a  new  chemical,  test  data  must 
be  submitted  in  representative  seeded 
food  or  feed  substrates  to  show  inhibitory 
growth  activity  against  pertinent  micro¬ 
organisms.  The  product  must  have  a  food 
additive  tolerance  or  an  exemption  from 
a  tolerance  from  the  Environmental  Pro¬ 
tection  Agency.  In  all  cases,  minimal  di¬ 
rections  for  use  must  be  furnished  on  the 
product  label  or  in  collateral  labeling. 

(3)  Material  preservatives,  hacterio- 
stats  and  self -sanitizers.  This  category 
includes  products  bearing  claims  of  value 
in  preserving  an  article  or  material  from 
bacterial  degradation.  The  chemical 
agent  used  in  the  article  or  material  is 
defined  as  a  pesticide,  but  the  treated 
material  is  not.  However,  treated  articles 
or  materials  that  bear  or  imply  anti¬ 
microbial  claims  of  effectiveness  outside 
of  the  material  itself  are  pesticides  sub¬ 
ject  to  all  provisions  of  the  Federal  In¬ 
secticide,  Fungicide,  and  Rodentlcide  Act, 
as  amended.  These  distinctions  are  not 
well  understood  and  as  a  consequence  un¬ 
warranted  claims  of  effectiveness  for 
many  products  have  been  made.  Chemi¬ 
cal  preservatives  impregnated  in  certain 
materials,  for  example,  have  been  found 
to  leach  out  of  the  treated  materials  and 
lose  their  practical  usefulness. 

(4)  Paper  coatings,  wet-end  additives 
and  adhesives.  The  label  for  preserva¬ 
tives  intended  for  use  in  adhesives,  wet- 
end  additives,  glues,  sizing,  etc.,  must  be 
specific  in  describing  the  substance  to 
be  preserved;  for  example,  starch-based 
adhesive,  protein-derived  adhesive,  ani¬ 
mal  glue,  com  starch  solution,  etc.  The 
effective  dose  range  for  each  type  of  sub- 
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stance  to  be  preserved  most  be  specified 
In  the  directi<ms. 

<5)  Textile  additives.  Hie  label  di¬ 
rections  for  such  products  must  clearly 
differentiate  between  preservative  action 
and  antimicrobial  activity  outside  the 
treated  material  itself.  Adequate  direc¬ 
tions  must  be  provided  either  on  the 
label  or  in  collateral  labeling  that  de¬ 
scribe  how  the  product  should  be  added 
to  the  textile  material,  the  limiting 
chemical  or  physical  factors  that  should 
be  noted  in  the  application,  and  the 
type(s)  of  textile  material  for  which  the 
product  is  intended. 

(6)  Antimicrobial  additives  for  sugar 
mills.  Since  cane  or  beet  sugar  process¬ 
ing  is  continuous,  label  directions  must 
include  proportioning  pump  delivery 
rates  of  product,  per  ton  of  sugar  pro¬ 
duced,  per  24  hr. 

§  162.73  Specific  comments  on  aquatic 
pest  control  agents. 

(a)  Drinking  uoater  systems  (human). 

(1)  Water-treating  chemicals  should  not 
be  designed  as  sterililzers,  and  only 
claims  for  water  sanitizing  and/or  water 
disinfection  can  be  justified.  Presently 
chlorine-type  products  are  the  disinfect¬ 
ants  of  choice  in  treating  human 
drinking  water  and  drinking  water  sys¬ 
tems.  The  directions  for  treating  the 
water  itself,  however,  and  the  directions 
for  treating  the  various  parts  of  the 
water  system  should  be  differentiated. 
Iodine-t3q>e  products  may  also  be  used 
for  field  or  emergency  treatment  of 
drinking  water. 

(2)  The  amount  of  available  chlorine 
necessary  to  disinfect  drinking  water 
will  depend  directly  upon  the  chlorine 
demand  of  the  water  supply.  Thus,  it 
is  not  practical  to  attempt  to  be  precise 
with  respect  to  the  minimum  concen¬ 
tration  which  must  be  recommended.  In 
general,  recommendations  should  pro¬ 
vide  for  a  free  residual  available  chlorine 
concentration  of  at  least  0.2  ppm 
throughout  the  system.  The  amount  of 
chlorine  which  must  be  added  to  accom¬ 
plish  this  concentration  will  vary 
widely  and  may  be  as  high  at  10  ppm. 
With  residuals  higher  than  2  to  2.5  ppm, 
taste  becomes  a  factor  in  acceptance. 
Chemical  control  tests  for  free  residual 
chlorine  are  necessary  and  must  be 
specified  on  the  label. 

(3)  With  iodine,  the  concentration  re¬ 
quired  to  disinfect  water  will  vary  from 
0.6  to  4.3  ppm,  depending  upon  such  fac¬ 
tors  as  temperature  and  pH.  For  emer¬ 
gency  treatments.  8  ppm  should  be 
sufficient  to  take  care  of  water  with 
iodine  demands  up  to  4  ppm. 

(4)  For  disinfecting  standpipes  and 
water  mains  before  iise,  50  ppm  of  avail¬ 
able  chlorine  with  a  holding  period  of 
24  hr  should  be  ^;>ecified. 

(b)  Drinking  water  systems  (poultry 
and  livestock) .  Care  must  be  exercised  to 
differentiate  between  claims  of  value  in 
disinfecting  the  water  and  claims  of  value 
as  a  medication  for  the  animal.  Medica¬ 
tion  claims  Identifir  the  product  as  a  drug 
as  wen  as  a  pesticide  and  must  be  cleared 
with  the  Bureau  of  Veterinary  Medicine 
of  the  Food  and  Drug  Administration. 


(e)  Weeds.  Control  of  weeds  In  irriga¬ 
tion  systems,  lakes,  ponds,  rivers  and 
streams  means  the  reduction  of  un¬ 
wanted  weeds  or  algae  to  a  level  that  wlU 
not  Interfere  with  optimum  water  man¬ 
agement  and  navigation.  The  directions 
for  use  must  include: 

( 1 )  The  sites  intended  to  be  treated. 

(2)  The  types  of  weeds  (floating, 
emersed  or  submersed)  intended  to  be 
controlled. 

(3)  The  common  names  of  weeds  to  be 
controlled,  such  as  cattails  or  water  hya¬ 
cinth.  For  algae,  only  the  type  need  be 
stated  (blue-green  algae  or  filamentous 
green  algae) . 

(4)  The  dosage  appropriately  ex¬ 
pressed.  For  application  to  moving  bodies 
of  water,  use  weight  or  volume  of  prod¬ 
uct  per  unit  voliune  of  flow  per  vmlt  of 
time. 

(5)  The  method  of  application,  such  as 
broadcast  (for  granules),  surface  spray 
or  subsurface  injection.  Surface  spray 
application  also  requires  that  the  name 
of  the  diluent,  if  any,  the  concentration, 
and  any  necessary  limitations  on  spray 
droplet  size  (for  example,  400-  to  800- 
micron)  be  specified. 

(6)  The  time  of  first  application  in 
terms  of  stage  of  growth  of  toe  weeds  or 
season  of  the  year. 

(7)  The  number  of  applications  per 
year  and  toe  interval  between  treat¬ 
ments. 

(8)  Any  necessary  limitations  on  toe 
use  of  the  product  or  of  the  treated 
water,  such  as: 

(1)  The  area  or  fraction  of  the  site 
to  be  treated  at  any  one  time  to  avert 
fish  kill 

(ii)  The  Interval  between  last  applica¬ 
tion  and  the  use  of  the  treated  water 
for  drinking  by  man  and  domestic  ani¬ 
mals,  or  for  irrigation,  crop  spraying, 
fishing  and  recreation. 

(d)  Fish  and  mollusks.  (1)  Fish  control 
product  labels  must  name  toe  individual 
species  to  be  controlled,  unless  toe  per¬ 
formance  data  clearly  demonstrate  ef¬ 
fectiveness  against  an  entire  group  of 
fishes.  Trash  fish  will  be  unacceptable 
unless  the  data  shows  effectiveness 
against  representatives  from  all  groups. 

(2)  Marine  molluscicide  product  labels 
must  specify  toe  organisms  (for  example, 
oyster  drills)  to  be  controlled.  Labels  for 
freshwater  molluscicide  products,  con¬ 
versely,  may  make  a  general  claim  for 
freshwater  snails.  (See  also  topic  on  anti¬ 
fouling  paints.) 

(e)  Mosquito  Larvicides.  (1)  Because 
these  products  are  applied  to  lakes, 
ponds,  estuaries  and  swamps,  involving 
relatively  large  areas,  special  precautions 
are  usually  required  on  the  labeling,  par¬ 
ticularly  in  respect  to  hazards  to  fish  and 
wildlife. 

(2)  Label  claims  for  human  and  ani¬ 
mal  disease  prevention  or  control  are  not 
acceptable  on  household  or  other  prod¬ 
ucts  for  limited  application:  for  example, 
aroimd  bird  baths,  fish  poimds  or  farm 
ponds. 

(f)  Swimming  pools.  (1)  Available 
chlorine,  from  both  inorganic  and  or¬ 
ganic  compounds,  is  the  most  commonly 
registered  disinfectant  for  swimming 


pool  water.  Specific  directions  for  toe 
chlorination  of  unstabilized  swlnmdng 
pool  water  with  inorganic  compoimds 
must  provide  for  a  minimal  available 
chlorine  residual  of  0.6  to  1  ppm  to  be 
maintained  at  all  times.  In  addition,  toe 
directions  should  provide  for  a  super¬ 
chlorination  procedure  for  newly  filled 
pools.  Instructions  to  test  pool  water 
with  test  kits,  to  maintain  the  proper 
available  chlorine  level  and  to  maintain 
a  pH  of  7.2  to  7.6,  must  also  appear  on 
the  label.  Representations  that  a  product 
will  maintain  chlorine  residuals  for 
lengthy  periods  of  time  without  frequent 
checks  with  a  chlorine  test  kit  are  un¬ 
acceptable.  It  must  be  emphasized  to 
toe  consumer  that  the  maintenance  of 
a  chlorine  residual  is  dependent  on  am¬ 
bient  temperatures,  light  Intensity  and 
bather  load. 

(2)  Most  organic  and  some  inorganic 
chlorine-bearing  chemicals  are  recom¬ 
mended  for  use  in  toe  presence  of  a 
chlorine  stabilizer.  There  is  ample  evi¬ 
dence  to  show  that  the  concentration  of 
residual  chlorine  needed  to  maintain 
effectiveness  must  be  increased  in  the 
presence  of  various  concentrations  of 
stabilizing  agents.  Thus,  those  chlorine 
products  recommended  for  use  with  sta¬ 
bilizing  agents  must  specify  a  minimum 
maintenance  dose  range  of  1  to  1.5  ppm 
residual  chlorine  in  lieu  of  data  from 
controlled  field  trials  sustaining  the 
validity  of  lower  concentrations.  Claims 
of  effectiveness  at  a  sanitizing  level  and 
claims  of  effectiven*^  against  athlete’s 
foot  fungi  in  footbaths  are  xmacceptable 
for  such  products. 

(3)  Iodine  and  bromine  products  are 
employed  less  frequently  as  swrimming 
pool  water  disinfectants.  Similar  per¬ 
tinent  directions  for  use  are  required 
for  the  registration  of  these  products. 

(4)  No  evidence  has  been  developed  to 
show  that  quaternary  ammonium  com¬ 
pounds  wlH  provide  toe  minimum  level 
of  effectiveness  required  by  public  health 
officials,  and  these  products  are  unac¬ 
ceptable  as  swinuning  pool  water  dis¬ 
infectants.  They  have  been  accepted, 
however,  for  sanitizing  and  disinfecting 
pool  associated  surfaces  when  the  re¬ 
quirements  as  surface-treating  chemi¬ 
cals  have  been  met.  Quaternary 
ammonium  compounds  also  have  been 
registered  as  algae  control  agents  in 
swimming  pool  water. 

(5)  To  register  swimming  pool  algae- 
cldes,  the  directions  for  use  must  specify : 

(i)  The  place  of  application;  for  exam¬ 
ple,  apply  to  toe  water  along  pool  edges. 

(li)  The  types  of  algae  Intended  to  be 
controlled. 

(iii)  The  dosage  and  pattern  of  use. 
This  will  usually  include,  but  is  not  lim¬ 
ited  to: 

(A)  Initial  dosage  (or  dosage  range) 
when  pool  is  free  of  visible  algae. 

(B)  Initial  dosage  (or  dosage  range) 
when  toe  pool  contains  visible  algae 
growth.  The  pattern  of  use  must  specify 
reapplication  of  initial  dose  at  stated 
Intervals  until  algae  growth  is  visibly 
controlled  and  toe  debris  Is  removed. 
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(C)  The  maintenance  dosage  (or 
dosage  range)  and  the  intervals  between 
maintenance  dosages. 

(g)  Industrial  cooling  water  systems. 

(1)  Control  of  bacteria,  fungi  or  algae 
within  cooling  water  systems  means  to 
stabilize  the  microbial  population  at  such 
a  level  that  slimes  will  not  interfere  with 
system  efficiency. 

(2)  Broad  claims  for  use.  such  as 
microbiocide,  mlcrobiostat,  slimicides 
and  microorganism  control,  are  accept¬ 
able  only  when  they  are  modified  by  (i) 
naming  the  tsrpes  of  organisms  (algae, 
bacteria,  fimgl)  for  which  control  is  in¬ 
tended,  and  (il)  identifying  the  indus¬ 
trial  or  commercial  recirculating  water 
cooling  systems:  for  example,  industrial 
(and/or  commercial)  recirculating  cool¬ 
ing  water  towers,  air  washers  and/or 
evaporative  condensers.  Such  terms  as 
biocide  or  biostat  are  unacceptable  where 
only  microorganism  control  is  to  be 
construed. 

(3)  (Tidal  claims  are  acceptable  only 
where  tests  demonstrate  that  the  product 
effectively  reduces  the  number  of  living 
alerae,  bacteria  or  fungi.  Static  claims  are 
to  be  made  for  products  where  tests  dem¬ 
onstrate  that  they  provide  temporary 
control  or  growth  suppression.  The  claim 
for  a  type  of  activity  (cidal  or  static) 
must  be  related  to  each  particular  use 
claimed  on  the  labeling.  Examples  in¬ 
clude:  microbiocide  for  use  in  industrial 
recirculating  cooling  water  towers  to  re¬ 
duce  the  number  of  living  algae,  bacteria 
and  fungi;  and  mlcrobiostat  (micro¬ 
organism  control)  for  use  in  industrial 
recirculating  cooling  water  towers  to 
control  the  growth  of  algae,  bacteria  and 
fungi. 

(4)  Directions  for  general  microbial 
control  must  include,  but  are  not  limited 
to,  the  following: 

(i)  Where  in  the  system  the  product 
is  to  be  applied;  for  example,  at  a  point 
in  the  system  where  it  will  be  uniformly 
mixed. 

(ii)  The  timing  of  application:  for  ex¬ 
ample.  when  the  system  is  in  Jeopardy  of 
becoming  impaired  or  after  cleaning  a 
system  whose  efficiency  is  already  im¬ 
paired. 

(lii)  The  dosage  to  be  applied.  The 
dosage  rate  for  solid  products  must  be 
specified  in  weight  of  product  per  unit 
volume  of  water.  Labels  of  products 
formed  into  tablets,  briquettes  or  other 
uniformly  sized  shapes  should  state  the 
weight  of  each  unit.  If  the  dosage  rate 
for  liquid  products  is  stated  as  fluid  vol¬ 
ume,  or  parts  per  million,  of  product  per 
unit  voliune  of  water,  the  product  weight 
per  gallon  must  be  shown  on  the  applica¬ 
tion.  If,  however,  liquid  products  are 
added  on  a  weight  basis,  the  product 
weight  per  gallon  must  be  shown  on  the 
label. 

(iv)  The  method  of  application  or  pat¬ 
tern  of  use.  An  initial  application  dosage, 
which  may  be  repeated,  is  followed  by 
subsequent  lower  dosage  applications. 
The  initial  dosage  range  is  to  control 
noticeable  contamination,  to  satisfy  the 
demand  of  the  system  which  may  have 
extensive  but  not  noticeable  contamina¬ 
tion  or  to  rapidly  develop  a  desired  level 


of  toxicant  in  the  system  water.  The  sub¬ 
sequent  dosage  range  is  to  inhibit  the 
growth  of  microorganisms  remaining  or 
subsequently  Introduced  into  the  system. 
In  case  of  extensive  relnfestatlon  of  the 
system,  the  initial  dosage  range  should 
be  applied  until  control  is  again,  evident. 
Examples  of  various  methods  of  applica¬ 
tion  or  patterns  of  use  are  given  below. 

(A)  Intermittent  or  slug  method.  The 
directions  must  stipulate  an  initial  dos¬ 
age  range  of  relatively  high  product  con¬ 
centrations  to  obtain  control  of  obvious 
microbial  contamination.  When  micro¬ 
bial  control  is  evident,  a  subsequent  dos¬ 
age  range,  of  relatively  lower  product 
concentrations,  must  be  stated.  The  label 
must  state  the  usual  time  interval  be¬ 
tween  ^doses,  or  include  the  phrase,  as 
needed'  to  maintain  control,  or  both.  The 
label  must  not  claim  maintenance  of  any 
particular  pesticide  concentration.  Ex¬ 
ample  of  direction  for  use: 

Initial  Dose.  When  the  system  is  noticeably 

fouled,  apply _ to _ [fluid  volume 

or  unit  weight]  of _ [product  name  or 

active  Ingredient]  per _ (unit  volume] 

of  water  in  the  system.  Repeat  until  control 
is  achieved.  Badly  fouled  systems  must  be 
cleaned  before  initial  treatment. 

Subsequent  Dose.  When  microbial  control 

is  evident,  add _ to _ [fluid  volume 

or  unit  weight]  of _ [product  name  or 

active  ingredient]  per _ [unit  volume] 

of  water  in  the  system  every  _  day 

[weekly],  or  as  needed  to  maintain  control. 

(B)  Modified  intermittent  method. 
This  is  similar  to  the  intermittent  or 
slug  method  except  that  the  interval  be¬ 
tween  treatments  is  based  on  the  time 
for  a  stated  fraction  of  the  system  water 
to  be  lost  by  blowdown.  This  method  of 
application  may  allow  a  claim  to  main¬ 
tain  the  pesticide  concentration  within 
stated  maximal  and  minimal  limits.  Ex¬ 
ample  of  direction  for  use: 

Initial  Dose.  When  the  system  is  Just  no¬ 
ticeably  fouled,  apply _ to _ [fluid 

volume  or  unit  weight]  of _ [product 

name  or  active  ingredient]  per _ [unit 

volume]  of  water  in  the  system.  Apply  half 
[or  Vs,  or  Vi]  of  this  initial  dose  when 
half  [or  ]4,  V4  or  Vil  of  the  water  in  the 
system  has  been  lost  by  blowdown.  Badly 
fouled  systems  must  be  cleaned  before  initial 
treatment. 

Subsequent  dose.  When  control  of  micro¬ 
bial  growth  is  evident,  apply _ to _ 

[fluid  volume  or  unit  weight]  of  _ 

[product  name  or  active  ingredient]  per 

- [unit  volume]  of  water  in  the  system. 

Apply  half  [or  Vi,  ^  or  Vil  of  the  subse¬ 
quent  dose  when  half  (or  V4.  or  Vi]  of  the 
water  in  the  system  has  been  lost  by  blow¬ 
down. 

(C)  Continuous  feed  method.  The  label 
should  specify  an  initial  slug  dose,  based 
on  the  volume  of  water  in  the  cooling 
system,  to  establish  an  initial  product 
concentration.  For  volatile  products,  con¬ 
tinuous  feed  Is  based  on  total  makeup 
water.  For  nonvolatile  products,  continu¬ 
ous  feed  is  expressed  as  amoimt  of  pro¬ 
duct  to  be  applied  per  stated  volume  of 
water  lost  by  blowdown.  The  claim  to 
maintain  a  pesticide  concentration  in 
the  system  may  be  made  for  this  method 
of  application.  Example  of  direction  for 
use: 

Initial  Dose.  When  the  system  is  Just  no¬ 
ticeably  fouled,  apply _  [fluid  volume 


or  unit  weight]  of _ [product  name  or 

active  ingredient]  per _ [imlt  volume] 

of  water  in  the  system.  Badly  fouled  systems 
must  be  cleaned  before  initial  treatment. 

Subsequent  Dose.  Maintain  this  treatment 

level  by  starting  a  continuous  feed  of _ 

[fluid  volume  or  unit  weight]  of  _ 

(product  name  or  active  ingredient]  per 

_  [unit  volume]  of  water  lost  by 

blowdown. 

(D)  Briquettes  or  Tablets.  These  may 
be  considered  slug  dose  methods  of  ap¬ 
plication.  Data  must  be  submitted  show¬ 
ing  the  rates  of  dissolution  of  the  prod¬ 
uct  in  water  at  various  temperatures  and 
How  rates.  Example  of  direction  for  use: 

Slug  dose  the  system  with _ [number 

or  unit  weight  of  briquettes  or  tablets]  of 

_ [product  name)  per _ (unit  vol- 

lune]  of  water  in  the  system.  (Name  special 
container  or  name  site  in  system.)  Badly 
fouled  systems  miut  be  cleaned  befOTe  initial 
treatment. 

(h)  Pulp  and  papermill  water  systems. 
(1)  Control  of  bacteria  and  fungi  in  pulp, 
paper  and  paperboard  mill  systems 
means  to  stabilize  the  microbial  popula¬ 
tion  at  such  a  level  that  slimes  will  not 
interfere  with  system  efficiency  or  prod¬ 
uct  quality. 

(2)  Broad  claims  for  use,  such  as 
microbicide,  mlcrobiostat,  slimicide  or 
microorganism  control  are  acceptable 
only  when  modified  by  naming  the  types 
of  organisms  (bacteria,  fungi)  for  which 
control  is  intended.  Such  terms  as  bio¬ 
cide  or  biostat  are  unacceptable  where 
only  microorganism  control  is  to  be 
construed. 

(3)  Cidal  claims  are  acceptable  only 
where  tests  demonstrate  that  the  prod¬ 
uct  effectively  reduces  the  number  of 
living  bacteria  and  fungi.  Static  claims 
are  to  be  made  for  products  where  tests 
demonstrate  that  they  provide  tempo¬ 
rary  control  or  growth  suppression.  The 
claim  for  a  type  of  activity  (cidal  or 
static)  must  be  related  to  each  particu¬ 
lar  use  claimed  on  the  labeling.  Exam¬ 
ples  Include:  Microbicide  for  use  in  pulp, 
paper  and  paperboard  mill  systems  to 
reduce  the  number  of  living  bacteria  and 
fungi;  and  mlcrobiostat  (microorganism 
control)  to  control  the  growth  of  bac¬ 
teria  and  fungi  In  paper  machine  sys¬ 
tems. 

(4)  Directions  for  general  microbial 
control  must  Include,  but  are  not  lim¬ 
ited  to,  the  following: 

(1)  Where  In  the  system  the  product 
is  to  be  applied;  for  example,  at  a  point 
in  the  system  (fan  pump,  beater,  pulp 
chest)  where  it  will  be  uniformly  mixed. 

(ii)  The  timing  of  application;  for 
example,  continuously  or  intermittently 
for  a  certain  number  of  hours  per  day  or 
per  shift. 

(ill)  The  dosage  to  be  applied.  The  dos¬ 
age  rate  for  solid  products  must  be 
specified  as  weight  of  product  per  ton 
(dry  basis)  of  pulp  or  paper  produced. 
Labels  of  products  formed  Into  tablets, 
briquettes  or  other  uniformly  sized 
shapes  must  state  the  average  weight  of 
each  unit.  If  the  dosage  rate  for  liquid 
products  Is  stated  on.  a  fluid  volume  basis, 
the  product  weight  per  gallcm  must  be 
shown  on  the  application.  If,  however, 
liquid  products  are  to  be  added  on  a 
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weight  basis,  the  product  weight  per  gal¬ 
lon  must  be  shown  on  the  label. 

(iv)  The  method  of  application  and 
pattern  of  use.  In  a  mill  system,  dosage 
range  depends  on  the  severity  and  loca¬ 
tion  of  contamination.  Methods  of  ap¬ 
plication  are  described  as  slug,  intermit¬ 
tent  or  continuous. 

(A)  Slug  method.  Slug  treatment,  the 
addition  of  a  specified  dose  of  a  pesticide 
to  the  system  at  one  time,  is  intended  to 
provide  a  high  concentration  of  the  tox¬ 
icant  for  a  short  term.  Slug  treatments 
may  be  repeated  at  stated  intervals,  usu¬ 
ally  once  a  day  or  less  frequently.  Exam¬ 
ple  of  direction  for  use: 


Apply _ [fluid  volume  or  unit  weight] 

of _ (product  name  or  active  Ingredient] 

per  ton  (dry  basis)  of  pulp  or  paper  pro¬ 


duced,  as  a  slug  dose.  If  needed,  repeat 

_ [stated  interval] .  Badly  fouled  systems 

should  be  cleaned  before  initial  treatment. 

(B)  Intermittent  feed  method.  Treat¬ 
ment  is  on  a  semiconUnuous  basis;  for 
example,  for  2  hr  during  each  8-hr  i^ift. 
Directions  must  stipulate  the  dosage 
range  to  be  employed,  the  usual  time  in¬ 
terval  between  doses,  and  the  timing 
of  application.  The  label  must  not  claim 
maintenance  of  any  particular  pesticide 
concentration.  Example  of  direction  for 
use: 

Apply _ to _  [fluid  volume  or 

imit  weight]  of _ [product  name  or  ac¬ 

tive  Ingredient]  per  ton  (dry  basis)  of  pulp 

or  paper,  for _ [hr]  every _ [hr]. 

Badly  fouled  s3rstems  must  be  cleaned  before 
initial  treatment. 

(C)  Continuous  feed  method.  Treat¬ 
ment  is  on  an  uninterrupted  basis  to  pro¬ 
vide  a  sustained  concentration.  The  label 
should  specify  a  dosage  range  that  usu¬ 
ally  is  somewhat  lower  than  that  for  in¬ 
termittent  feed.  In  many  cases,  inter¬ 
mittent  feeding  may  be  used  to  achieve 
Initial  control,  followed  by  lower-dosage 
continuous  feeding  to  ms^tain  control. 
Examples  of  directions  for  use: 

Apply _ to _  [fluid  volume  or 

unit  weight]  of _ [product  name  or  ac¬ 

tive  ingredient]  per  ton  (dry  basis)  of  pulp 
or  pi^r  produced  on  a  continuous  basis. 
Badly  fouled  systems  must  be  cleaned  before 
Initial  treatment. 

Apply _ [fluid  volume  or  unit  weight] 

of _ [product  name  or  active  ingredient] 

per  ton  (dry  basis)  of  pulp  or  paper  produced 
for _ [hr]  every _ [hr].  This  regi¬ 

men  may  be  repeated  until  the  desired  con¬ 
trol  is  achieved.  When  control  is  accom¬ 


plished,  iqjply _ [fluid  volume  at  unit 

weight]  of _ [product  name  or  active  in¬ 


gredient]  per  ton  (dry  basis)  of  pulp  or  pi^r 
produced  on  a  continuous  basis.  Badly  fouled 
systems  must  be  cleared  before  initial 
treatment. 

(D)  Briquettes  or  Tablets.  These  may 
be  considered  either  a  slug  or  intermit¬ 
tent  method  of  application  depending  on 
the  rate  of  dissolution.  Data  must  be  sub¬ 
mitted  showing  the  rates  of  dissolution 
of  the  product  in  water  at  various  tem¬ 
peratures  and  fiow  rates.  Example  of  di¬ 
rection  for  use: 

Sl\ig  dose  the  system  with _ [num¬ 

ber  or  tmlt  weight  of  briquettes  or  tablets] 

of _ [product  name]  per  ton  (dry  basis) 

of  pulp  at  paptr  product.  (Name  specitd 
container  and/or  site  in  systems  where  the 
product  Is  to  be  applied,  so  that  mixing  and 


distribution  is  uniform.)  Badly  fouled  sys¬ 
tems  must  be  cleaned  before  initial  treat¬ 
ment. 

(1)  Antifouling  Paints.  Label  directions 
should  prescribe  the  number  of  coats,  the 
time  interval  between  coats,  and  the  time 
Interval  between  the  last  coat  and 
launching,  when  these  factors  are  essen¬ 
tial  to  the  performance  of  the  product. 
Currently  it  is  not  necessary  to  claim 
specific  pests  to  be  controlled,  but  the 
intended  broad  group  or  groups  (algae 
and/or  marine  fouling  animals)  should 
be  stated. 

§  162.74  Specific  comments  on  fungi¬ 
cides  and  nematicides. 

(a)  Coatings.  Fungicides  intended  for 
the  preservation  of  coatings  are  pesticide 
products  (industrial  fimgicides)  and 
must  be  registered  before  they  are 
shipped  to  the  coating’s  manufacturer. 
(See  General  Comments,  Claims  for 
Manufacturing  Use  Only  and  Claims 
as  Preservatives.)  Formulated  coatings 
containing  fungicides  that  are  not  con¬ 
sidered  pesticides  are  those  which  have 
been  treated  to  protect  the  coating  itself 
against  the  growth  of  fungi  while  in  the 
can  [§  162.4(d)(2)]. 

(b)  Mildew  control.  (1)  The  control  of 
mildew  in  homes,  institutions,  buildings, 
and  similar  environments,  or  the  protec¬ 
tion  of  articles  or  materials  used  or  stored 
in  such  environments,  is  a  very  impor¬ 
tant  aspect  of  pesticide  usage.  Mildew  is 
defined  here  as  the  growth  of  molds 
(simple  plants  classified  as  filamentous 
fimgi)  on  various  surfaces,  such  sis  walls 
and  ceilings,  materials  smd  articles  made 
of  leather,  fabrics,  paper,  and  wood,  often 
causing  musty  odors. 

(2)  Formulations  intended  to  be  used 
to  control  mildew  must  state  this  claim 
on  the  labeling  and  provide  adequate  di¬ 
rections  for  use;  that  is: 

(i)  Name  the  types  of  surfaces,  articles 
or  materials  to  be  treated  and,  when  sip- 
propriate,  specify  cleaning  before  treat¬ 
ment. 

(ii)  State  the  rate  of  dilution  or  the 
concentration  to  use,  if  appllcstole. 

(ill)  State  the  method,  degree  and  ex¬ 
tent  of  application  (for  exsunple,  spray 
surfaces  until  moist  or  apply  to 
dampen) . 

(iv)  State  recommendation  with  re¬ 
spect  to  the  need  for  repeating  applica¬ 
tions  at  specified  intervals  (as  deter¬ 
mined  by  tests  of  residual  properties) . 

(3)  Some  claim  words  and  phrases  are 
so  broad  that  they  are  subject  to  many 
interpretations,  ^me  imply  different 
types  of  activity.  Also,  certain  formula¬ 
tions  have  residual  properties;  others  do 
not.  The  position  of  the  Environmental 
Protection  Agency  with  respect  to  vari¬ 
ous  claims  is  as  follows: 

(i)  The  term  fungicide  (denoting  kill¬ 
ing  action)  or  fungistat  (denoting  in¬ 
hibition  of  fungal  growth),  when  un¬ 
modified  with  respect  to  specific  claims 
intended,  may  be  interpreted  as  a  claim 
that  a  product  is  effective  against  both 

(A)  pathogenic  fungi,  such  as  Tricho¬ 
phyton  interdlgitale,  or  athletes  foot 
fungus,  on  environmental  surfaces;  and 

(B)  nonpathogenic  fungi  that  cause 


mildew.  Different  tests  are  required  for 
the  2  groups. 

(li)  Two  major  categories  of  mildew 
claims  are  recognized,  based  on  the 
degree  of  effectiveness  implied  by  the 
wording  of  the  claims. 

(A)  Kill  claims  mean  kills  mold  and 
mildew  fungi  in  all  stages.  Some  equiva¬ 
lent  claims  are  fimgicide  and  destroys 
musty  odors  at  their  soiuce.  Chemicals, 
such  as  chlorine-relesising  compoimds, 
isopropyl  alcohol  and  other  volatile 
materials,  may  kill  fungi  on  contact  but 
have  no  residual  properties  to  protect 
treated  surfaces  from  later  infestations. 
The  claim  for  these  products  should  be 
modified  by  adding  nonresidual  after  the 
action  word;  for  example,  destroys 
mildew  (nonresidual)  or  kills  mildew 
fimgi  (nonresidual) .  An  alternative 
would  be  destroys  or  kills  mildew  on  con¬ 
tact,  or  similar  phraseology.  For  formu¬ 
lations  which  kill  fungi  and  also  leave  an 
effective  residue,  the  direction  should 
state  the  time  interval  (determined  by 
testing)  before  repeated  application  is 
needed. 

(B)  Prevent  claims  mean  that  the 
treatment  will  prohibit  the  growth  of 
mold  or  mildew  organisms  and  denotes 
a  strong  and  lasting  residual  property  for 
a  stated  period  of  time  (determined  by 
testing).  Equivalent  claims  are  mildew- 
proof,  stops  mildew  and  prevents  musty 
odors  at  their  source. 

(Note:  the  claim  aids  In  preventing  mil¬ 
dew  growth  is  unacceptable;  the  claim  aids 
in  control,  however,  is  acceptable.)  Lesser 
claims  than  prevent  claims  are  controls,  in¬ 
hibits  growth,  mildew  resistant,  minimizes 
mildew,  retards  mildew,  fungistatic. 

(iii)  Where  a  claim  for  musty  odors 
(mustiness)  is  unqualified  as  to  the 
causal  organisms,  it  is  assumed  to  in¬ 
clude  the  contitfi  of  mildew  growth, 
which  is  a  source  of  such  odors. 

(iv)  Volatile  products — products  such 
as  paradlchlorobenzene  cakes  that  con¬ 
trol  mildew  growth  by  releasing  vapors — 
must  specify:  (A)  A  dosage  rate  in  terms 
of  amount  per  cubic  foot  of  space,  (B) 
that  the  space  be  tightly  enclosed  or 
sealed,  and  (C)  that  additional  material 
be  added  v/hen  the  treated  space  is 
opened  or  unsealed.  A  claim  that  is 
worded  clearly  as  a  deodorant  action 
(that  is,  masks  or  neutralizes  the  odor 
without  direct  action  on  the  causal  orga¬ 
nism)  is  not  considered  a  pesticide  claim. 

(V)  Mildewproof  and  mildew  resistant 
are  considered  fungistatic  claims.  Uiiless 
stated- otherwise,  they  imply  long-lasting 
protection  to  treats  articles  or  ma¬ 
terials — months,  year  or  for  the  life  of 
the  materials.  Such  claims  must  be  sup¬ 
ported  by  long  term  tests  which  compare 
untreated  and  treated  test  samples  of 
the  articles  or  materials  that  have  been 
exposed  to  mildew  organisms  in  a  simu¬ 
lated  tropical  environment. 

(vl)  Removes  mildew  stains  is  not  con¬ 
sidered  a  pesticide  claim. 

(c)  Nematode  Pest  Claims.  Depending 
upon  the  results  obtained  in  nematlclde 
efficacy  tests,  nematode  pest  claims  may 
either  be  general  or  specific  In  nature. 
Specific  claims  must  include  the  com- 
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mon  names,  (lesion,  root-knot,  cyst,  etc.) 
of  the  nematodes  to  be  control!^;  gen¬ 
eral  claims  need  only  specify  ‘‘nema¬ 
todes’*  or  “plant-parasitic  nematodes.” 

§  162.75  Specific  comments  on  inverte¬ 
brate  control  agents. 

(a)  Household  insecticides. — (1)  Non~ 
residual  insecticides,  (i)  These  products 
are  ordinarily  marketed  as  solutions, 
emulsions,  suspensions,  or  pressurized 
products  and  designed  for  use  in  imdi- 
luted  form  by  the  consumer.  In  a  few 
cases,  concentrated  products  requiring 
dilution  are  marked.  The  products 
usually  have  a  petroleum  distillate  base, 
together  with  such  auxiliary  solvents  as 
may  be  necessary  to  keep  the  formula¬ 
tion  as  a  solution  under  conditions  of 
relatively  low  temperature.  Methylated 
nephthalenes,  methylated  aromatic  pe¬ 
troleum  solvents,  and  methylene  chloride 
are  frequently  used  as  auxiliary  solvents, 
although  methylene  chloride  is  more 
common  in  pressurized  products.  Water 
is  sometimes  used  in  liquid  formulations. 
The  propellants  commonly  encountered 
are  Propellant  11  (trichloro  monofluoro 
methane)  and  Propellant  12  (dichloro 
difluoro  methane) .  Propellant  12  may  be 
used  alone  or  in  various  proportions  with 
Propellant  11.  methylene  chloride,  or 
methyl  chloroform.  Specific  considera¬ 
tions  relating  to  directions  for  use  and 
precautionary  statements  for  these  prod¬ 
ucts  are  discussed  below. 

(il)  In  all  cases,  the  products’  labeling 
should  bear  adequate  directions  for  use 
against  all  of  the  Insects  named  in  the 
labeling.  These  products  are  usually  rec¬ 
ommended  for  use  against  a  number  of 
household  insects,  including  houseflies, 
mosquitoes,  roaches  (water  bugs) ,  bed 
bugs,  ants,  carpet  beetles,  brown  dog 
ticks,  clothes  moths,  wasps,  and  hornets. 
They  are  not  effective  against  all  house¬ 
hold  insects,  and  claims  for  effectiveness 
against  insects  generally  or  all  insects 
are  tmwarranted  and  should  not  be 
made.  Also,  these  products  are  primarily 
contact  insecticides  and,  to  be  effective, 
must  hit  or  wet  the  individual  insect  with 
the  spray  mist.  Thus,  as  customarily 
marketed,  they  are  not  effective  against 
termites  and  cannot  be  relied  upon  to 
kill  any  insect  which  cannot  be  reached 
directly  by  the  spray.  This  applies  also 
to  the  eggs  of  many  insects,  which  are 
often  placed  in  inaccessible  cracks  or 
hidden  surfaces. 

(iii)  Since  the  habits  and  life  cycles  of 
different  insect  pests  vary  considerably, 
the  directions  must,  in  each  case,  be 
adapted  to  the  psurticular  variety  of  in¬ 
sect,  as  enumerated  below,  which  is  caus¬ 
ing  annoyance  and  the  type  of  structure 
or  building  in  which  the  product  is  used. 

(A)  Flies  and  mosquitoes.  Directions 
for  use  should  provide  for  closing  doors 
and  windows  and  thoroughly  spraying  all 
parts  of  the  room,  particularly  toward  the 
celling,  so  as  to  fill  the  room  with  a  fine 
mist.  The  room  should  be  kept  closed  for 
10  to  15  minutes  and  the  fallen  Insects 
should  be  swept  up  and  destroyed.  When 
strong  formulations  containing  substan¬ 
tial  amounts  of  rapidly  acting  paralytic 
agents  are  used,  however,  it  is  simply 


necessary  to  ascertain  that  the  various 
Insects  have  been  thoroughly  enveloped 
in  the  spray  mist.  Pressurized  aerosol 
formulations,  pressurized  sprays  and  liq¬ 
uid  products  may  be  used  in  a  similar 
manner.  Dosages  of  aerosol  and  pres¬ 
surized  formulations  are  sometimes  ex¬ 
pressed  in  terms  of  seconds  of  discharge, 
with  appropriate  adjustments  for  low  and 
high  delivery  rate  dispensers.  These  dos¬ 
ages  usually  are  in  the  range  of  4  to  5  g 
of  aerosol  mixture  in  mist  form  per  1000 
cu  ft  of  space.  The  labeling  should  con¬ 
tain  cautions  to  protect  food  and  food 
utensils  from  contamination  and  to 
thoroughly  clean  any  utensils,  silverware, 
or  dishes  that  might  be  contaminated. 

(B)  Household  ants  and  roaches.  The 
directions  for  use  should  provide  for 
thoroughly  sprairing  all  parts  of  the  room 
suspected  of  harboring  these  pests,  espe¬ 
cially  cracks  and  hidden  surfaces  around 
sink.s  or  food  storage  areas  where  the  in¬ 
sects  may  be  hiding.  In  all  cases  the  in¬ 
sects  miist  be  contacted  directly  with  the 
spray.  'Treatment  around  doors  and  win¬ 
dows  is  desirable  in  directions  for  use 
against  ants.  Pressurized  formulations 
may  be  used,  but  since  liberal  application 
is  es.sentlal,  small  pressurized  dispensers 
may  not  give  as  good  results  in  some 
cases.  Repeated  applications  should  be 
specified  in  all  cases.  The  labeling  should 
also  contain  cautions  to  protect  food  and 
food  utensils  from  contamination  and  to 
thoroughly  clean  any  utensils,  silverware 
or  dishes  that  might  be  contaminated. 

(C)  Bed  bugs.  *1116  directions  tor  use 
should  provide  for  thoroughly  spraying 
the  bed,  springs,  and  mattress,  as  well  as 
the  baseboards  and  wall  cracks  about  the 
bedroom.  Repeated  applications  are 
usually  necessary  for  good  results  against 
these  pests. 

(D)  Clothes  moths  and  carpet  beetles. 
The  directions  for  use  should  provide  for 
cleaning  all  articles  to  be  protected  and 
for  thorough  spraying,  particularly  of 
seams  and  folds.  The  Interior  of  trunks, 
closets,  cupboards,  and  other  storage 
containers  should  also  be  thoroughly 
sprayed.  Unless  the  sprayed  articles  are 
to  be  stored  immediately  in  moth -tight 
containers,  the  directions  should  provide 
for  repeating  treatment  at  least  once  a 
month.  For  upholstered  furniture,  the 
dlrectimis  should  provide  for  spraying 
the  Interior  as  well  as  the  outer  surfaces 
of  the  furniture,  unless  the  furniture  can 
be  fumigated  to  kill  any  hidden  infesta¬ 
tion  of  these  i>ests.  Rugs  and  carpets  that 
are  to  be  treated  may  also  be  sprayed  on 
both  the  top  surfaces  and  the  imder  sides. 
When  carpet  beetles  are  a  serious  prob¬ 
lem,  however,  a  residual-type  insecticidal 
treatment  is  preferable.  Pressurized 
products,  including  aerosols,  are  less  suit¬ 
able  for  moth  and  carpet  beetle  treat¬ 
ments,  since  small  dii^nsers  do  n^ 
ordinarily  permit  the  liberal  application 
that  is  usually  necessary  for  good  results. 

(E)  Fleas  and  brovon  dog  ticks  in  build¬ 
ings.  Directions  for  use  should  provide 
for  liberal  applications  to  fioor  areas, 
cracks  and  crevices,  sleeping  quarters  of 
animals,  behind  pictures,  and  wherever 
these  Insects  are  suspected  of  harboring. 
Liberal  and  repeated  applications  di¬ 


rectly  to  the  Individual  pests  are 
desirable  in  all  cases. 

(P)  Mosquitoes  and  small  flying  in¬ 
sects  outdoors.  Liquid  and  pressurized 
products  can  often  be  used  effectively  as 
mist  spray  applications  for  tall  grass  and 
shrubbery  and  around  lawns  where  these 
pests  may  hover  or  harbor.  ‘This  iisage  is 
suitable  only  in  still  air  and  requires  fre¬ 
quent  reappllcation  to  kill  additional  in¬ 
sects  that  may  be  drifting  into  the  area. 
It  is  not  suitable  for  coping  with  any 
large  infiux  of  insects.  Since  many  of 
these  formulations  are  ph3rtotoxic,  care 
should  be  exercised  to  avoid  wetting 
vegetation,  and  only  mist  spray  applica¬ 
tion  should  be  directed. 

(Q)  Hornets  and  toasps.  The  dij*ections 
for  use  should  give  instructions  to  spray 
the  nests  in  the  evening  after  the  insects 
have  congregated  and  are  at  rest. 

(2)  Residual  insecticides.  (1)  ‘These 
products  are  ordinarily  marketed  as  oil 
solutions,  emulsions,  suspensions,  pow¬ 
ders,  or  pressurized  products.  Some  are 
designed  for  use  in  undiluted  f wm  by  the 
consumer;  others  are  concentrated  prod¬ 
ucts  that  require  various  degrees  of  dilu¬ 
tion.  The  products  usuaUy  have  a  petro¬ 
leum  distillate  base,  together  with  such 
auxiliary  solvents  as  may  be  necessary  to 
keep  the  formulation  as  a  solution  under 
conditions  of  relatively  low  temperature. 
Methylated  naphthalenes,  methylated 
aromatic  petroleum  solvents,  methylene 
chloride  and  methyl  chloroform  are  fre¬ 
quently  used  as  auxiliary  solvents,  al¬ 
though  the  last  two  are  more  common  in 
pressurized  products  than  In  liquid  for¬ 
mulations.  Water  is  sometimes  used  in 
the  liquid  formulations.  ‘The  propellants 
commonly  encoimtered  are  Propellant  11 
(trichloro  monofiuoro  methane) ,  Propel¬ 
lant  12  (dichloro  difluoro  methane), 
nitrogen,  carbon  dioxide,  nitrous  oxide, 
and  certain  hydrocarbons,  such  as  pro¬ 
pane.  Propellimt  12  is  used  alone  or  in 
various  proportions  with  Proliant  11. 
or  with  methylene  chloride  or  methyl 
chloroform  together  with  small  amounts 
of  propane.  Pressurized  products  of  this 
class  usually  contain  lower  levels  of  pro¬ 
pellants  than  are  commonly  encountered 
in  the  nonresidiml-t3^  products  dis¬ 
cussed  above.  Mothproofing  treatments 
of  woolens  and  fabrics  to  impregnate 
them  with  a  protective  chemical  residue 
are  excluded  in  this  discussion,  since  they 
usually  entail  professional  application. 
Specific  considerations  relating  to  direc¬ 
tions  for  use  and  precautionary  state¬ 
ments  for  these  products  are  discussed 
below. 

(11)  When  general  application  is  speci¬ 
fied  in  the  directions  for  use,  the  residual 
treatment  may  be  applied  to  as  many 
areas  of  the  infested  premises  and  to  as 
large  a  proportion  of  the  available  sur¬ 
face  as  may  be  considered  necessary  for 
effective  pest  control.  When  usage  is 
limited  to  "spot  application,”  much 
greater  attention  should  be  given  to 
limiting  the  treatment  to  those  surfaces 
where  pests  have  been  seen  or  where  they 
are  suspected  of  hiding.  Such  treatments 
would  normally  be  limited  to  a  maximum 
of  20  percent  of  the  floor  and  lower  wall 
surfaces,  including  shelving  and  cabinets. 
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(iii)  Many  of  the  formulations  are  not 
acceptable  for  mist  spray  application  in 
the  air  and  care  should  be  exercised  to 
apply  the  products  as  relatively  coarse 
wet  sprays  which  will  adhere  to  treated 
surfaces.  This  is  especially  important  in 
the  case  of  pressurized  products. 

(iv)  Claims  that  residual  insecticidal 
value  will  last  for  any  particular  period 
of  time  are  usually  undesirable  because 
of  the  variable  c<mditions  under  which 
the  products  are  used.  It  may  be  stated 
that  the  product  is  a  residual  insecticide, 
but  the  labeling  should  emphasize  the 
need  for  repeated  applicaticms  as  often 
as  necessary,  since  it  is  not  possible  to 
anticipate  all  of  the  conditions  of  use. 
types  of  surfaces  to  be  treated,  and  clean¬ 
ing  operations  on  treated  surfaces. 

(V)  In  all  cases  the  products’  labeling 
should  bear  adequate  directions  for  use 
against  all  of  the  insects  named  in  the 
labeling.  These  products  are  commonly 
recommended  for  the  control  of  roaches 
(water  bugs),  houseflies,  mosquitoes, 
silverflsh,  spiders,  bed  btigs,  ants,  carpet 
beetles,  scorpicxis,  fleas,  brown  dog  ticks, 
crickets,  wasps,  hornets,  earwigs  and  box- 
elder  bugs.  They  are  not  effective  against 
all  household  insects  and  claims  for  ef¬ 
fectiveness  against  insects  generally  or 
all  insects  are  unwarranted  and  should 
not  be  made. 

(Vi)  Since  the  habits  and  life  cycles 
of  different  pests  vary  considerably,  the 
directions  must,  in  ea^  case,  be  aclapted 
to  the  particvilar  kind  of  insect,  as  enu¬ 
merated  below,  which  is  causing  annoy¬ 
ance  and  to  the  type  of  structure  or 
building  in  which  the  product  is  used. 

(A)  Flies  and  mosquitoes.  Directions 
for  use  should  provide  for  thorough 
treatment  of  surfaces  where  these  insects 
are  known  to  alight  or  congregate.  Em¬ 
phasis  should  be  placed  on  spraying  or 
applying  powders  around  doors,  windows 
and  porches.  The  labeling  should  con¬ 
tain  cautions  to  protect  food  and  food 
utensils  from  contamination  and  to 
thoroughly  clean  any  utensils,  silverware, 
or  dishes  that  might  be  contaminated. 

(B)  Household  ants,  roaches,  silver- 
fish,  crickets,  earwigs  and  box-elder  bugs. 
The  directions  for  use  should  provide 
for  thoroughly  spraying  or  distributing 
the  product  into  parts  of  the  room  sus¬ 
pected  of  harboring  these  pests,  espe¬ 
cially  cracks  and  hidden  siu^aces  around 
sinks  or  food  storage  areas  where  these 
insects  may  be  hiding.  Thorough  treat¬ 
ment  around  doors  and  windows  is  de¬ 
sirable  in  directions  for  use  against  ants. 
Sprasdng  aroimd  baseboards,  windows, 
door  frames,  bookcases,  und  storage  areas 
is  usually  desirable  in  directions  for  use 
against  silverflsh,  crickets,  earwigs,  and 
box-elder  bugs.  The  labeling  should  con¬ 
tain  cautions  to  protect  food  and  food 
utensils  from  contamination  and  to  thor¬ 
oughly  clean  any  utensils,  silverware,  or 
dishes  that  might  be  contaminated. 

(C)  Bed  bugs.  The  directions  for  use 
should  provide  for  thoroughly  spraying 
the  bed.  springs,  and  mattress,  as  well  as 
the  baseboards  and  wall  cracks  abcmt  the 
bedroom. 

(D)  Carpet  beetles.  The  directions  for 
use  should  provide  for  thorough  appli¬ 
cation  along  baseboards,  edges  of  carpet¬ 


ing,  under  furniture,  under  carpeting  and 
rugs,  and  in  closets  and  shelving  where 
these  insects  are  seen  or  suspected. 

(E)  Fleas  and  brown  dog  ticks  in 
buildings.  Directions  for  use  should  pro¬ 
vide  for  applications  to  floor  areas,  cracks 
and  crevices,  sleeping  quarters  of  ani¬ 
mals,  behind  pictures  and  wherever 
presence  of  these  insects  is  suspected. 
Liberal  and  repeated  applications  to  the 
infested  areas  are  desirable  in  all  cases. 
Spot  applications  are  not  suitable  for  the 
control  of  fleas. 

(P)  Spiders  and  scorpions.  Directions 
for  use  i^ould  provide  for  thorough  wet 
spraying  or  dusting  around  windows, 
doors,  baseboards,  and  crawl  spaces, 
where  these  pests  may  occur. 

(O)  Pantry  pests.  Saw-toothed  grain 
beetle,  confused  flour  beetle,  rice  weevil, 
cigarette  beetle,  drug-store  beetle,  and 
Indian-meal  moth  are  included  in  this 
category.  Although  cleanliness  and  good 
housekeeping  are  basic  to  preventing 
losses  be<»use  of  these  pests,  insecticides 
may  sometimes  be  used  carefully  to  ad¬ 
vantage.  Directions  for  use  should  pro¬ 
vide  for  the  removal  of  all  packages  of 
food  and  for  the  treatment  of  the  sur¬ 
faces  of  the  shelves  and  the  interior  of 
cupboards  with  a  residual  spray.  The 
spray  must  be  allowed  to  dry  before  the- 
packages  are  replaced  on  the  shelf.  Shelf 
paper  or  foil  should  be  used  to  prevent 
contact  of  food  or  utensils  with  sprayed 
surfaces.  It  should  be  emphasized  that 
this  type  treatment  is  of  only  supple¬ 
mental  value,  since  it  does  not  affect  the 
insects  breeding  inside  the  packages.  In¬ 
fested  food  packages  should  be  destroyed 
or  fiunigated. 

(H)  Hornets  and  wasps.  The  directions 
for  use  should  give  instructions  to  spray 
the  nests  in  the  evening  after  the  insects 
have  congregated  and  are  at  rest. 

(3)  Mosquito  Abatement.  Label  direc¬ 
tions  on  mosquito  coils  should  be  limited 
to  repelling  mosquitoes  on  patios, 
porches,  or  similar  conflned  outdoor 
areas  where  there  is  little  or  no  breeze. 
Labels  should  instruct  users  to  bum 
more  than  one  candle  or  torch  to  provide 
sufficient  repellent  smoke  or  vapor  to  be 
effective. 

(b)  Food  Handling  establishments,  tl) 
Nonresidual  space  and  contact  insecti¬ 
cides  with  labels  including  directions  for 
use  in  food  handling  establishments  must 
bear  the  following  or  similar  caution: 

When  using  the  product  in  food  handling 
establishments,  apply  only  when  the  faculty 
Is  not  in  operation.  Food  should  be  removed 
or  covered  during  treatment.  AU  food  proc¬ 
essing  surfaces  should  be  covered  during 
treatment  or  thoroughly  cleaned  befm'e  using. 

(2)  These  products  are  applied  to  ob¬ 
tain  insecticidal  effects  only  during  the 
time  of  treatment.  Space  treatment  is  the 
dispersal  of  insecticides  into  the  air  by 
foggers,  misters,  aerosol  devices  or  vapor 
dispensers  to  control  flying  insects  and 
exposed  crawling  insects;  contact  treat¬ 
ment  is  the  application  of  a  wet  spray. 

(3)  Some  bait-type  products  may  be 
used  in  food  areas  during  periods  when 
operations  are  shut  down  and  all  food 
and  food  handling  surfaces  are  well  pro¬ 
tected  or  removed.  Labeling  should  state 
that  all  bait  containers  must  be  removed 


and  that  cleaning  procedures  are  re¬ 
quired  before  operations  are  resumed. 

(c)  Farm  structures.  Label  directions 
must  specify  the  areas  of  treatment  and 
the  insects  to  be  controlled.  Directions 
on  products  intended  to  control  stable 
flies  should  limit  the  sites  of  application 
to  outdoor  surfaces,  since  these  insects 
rarely  go  inside  enclosed  structures. 
Labels  must  emphasize  the  following  pre¬ 
cautions,  if  pertinent. 

(1)  Do  not  contaminate  food  or  feed 
products,  drinking  fountains,  litters  and 
troughs. 

(2)  Ventilate  before  allowing  animals 
to  reoccupy  treated  premises. 

(3)  Do  not  use  in  milk  processlnj; 
rooms,  milk  houses  or  milk  storage  rooms. 

(4)  Do  not  use  in  houses. 

(5)  Do  not  use  on  animals. 

(6)  Do  not  spray  freshly  whitewashed 
surfaces. 

(7)  Do  not  store  or  apply  to  surfaces 
within  reach  of  children. 

§  162.76  Specific  comments  on  verte¬ 
brate  control  agents. 

The  labeling  submitted  for  registration 
must  precisely  identify  the  species  of 
vertebrate  pests  against  which  the  prod¬ 
uct  is  directed.  Broad  terms,  such  as 
rodents  or  nuisance  birds,  are  unaccept¬ 
able,  unless  the  supporting  research  data 
actually  includes  representatives  from 
all  the  principal  groups.  Even  such  terms 
as  house  rats  and  mice  are  xmacceptable 
unless  all  3  principal  species,  the  brown 
rat  (Rattus  norvegicus),  the  roof  rat 
(Rattus  rattus\,  and  the  house  mouse 
(Mus  musculus),  have  been  Included  in 
carefully  controlled  experimental  studies. 

ClHEMISTRT 
§  162.77  Overview. 

The  following  topics  relate  to  data 
necessary  for  the  general  evaluation  and 
registration  of  products  and  individual 
Ingredients.  All  raw  research  data,  such 
as  gas  chromatograms,  photographs  of 
thin-layer  chromatograms  and  scintilla¬ 
tion  counter  printouts,  should  be  re¬ 
tained  and  available  for  5  years,  should 
the  Office  of  Pesticide  Programs  request 
their  submission.  Also,  all  data  placed 
on  magnetic  computer  tape,  such  as  total 
ion  current  chromatograms  and  mass 
spectra  of  significant  components  within 
a  total  ion  current  chromatogram,  should 
be  available  for  replay. 

§  162.78  General  product  chemistry. 

Information  related  to  general  prod¬ 
uct  chemistry  also  appears  in  S  162.10, 
La.beling  Requirements — Net  Contents, 
Ingredient  Statement  and  Precautionary 
Statements. 

(a)  Basic  manufacturing  process.  In¬ 
formation  on  the  basic  manufacturing 
process  and  on  the  purity  of  starting  and 
intermediate  materials  should  be  sub¬ 
mitted  by  the  basic  manufactmer  with 
registration  applications  and  petitions 
for  tolerances.  Other  registrants  may 
refer  to  the  source  of  the  technical 
chemical  used  in  their  product.  Purity 
levels  of  such  materials  can  vary  consid¬ 
erably;  significant  changes  in  the  mate¬ 
rials  or  production  methods  also  can  in¬ 
troduce  new  types  or  concentrations  of 
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Impurities.  These  purity  levels  or  changes 
can  affect  the  performance  or  safety  of 
the  final  product.  A  description  of  quality 
control  procedures  is  required  for  dis¬ 
infectant-type  products  and  may  be  re¬ 
quested  for  other  products  where  an 
impurity  might  induce  an  imresusonable 
adverse  effect  or  affect  the  efficacy  of 
the  product. 

(b)  Information  required  for  active 
and  inert  ingredients.  The  chemical 
composition  of  each  pesticide,  including 
both  active  and  inert  ingredients,  must 
be  submitted  in  a  confidential  statement 
or  formula.  (See  Registration  Proce¬ 
dures  for  a  sample  form  and  specific  in¬ 
structions  for  completing  it.) 

(2)  In  determining  whether  an  in¬ 
gredient  is  active  or  inert,  the  Adminis¬ 
trator  shall  consider; 

(i)  The  ingredient’s  capability  by  it¬ 
self,  when  used  as  directed,  to  effective¬ 
ly  control  the  target  pest  or  perform  as 
a  plant  regulator,  defoliant,  or  desiccant. 

(ii)  The  ingredient’s  presence  in  the 
product  in  a  sufficient  amoimt  to  add  ma¬ 
terially  to  its  effectiveness. 

(iii)  The  ingredient’s  influence  on  the 
activity  of  the  principal  active  ingredi¬ 
ent.  The  Agency  may  require  that  an  in¬ 
gredient  be  designated  an  active  ingredi¬ 
ent  if  it  sufficiently  increases  the  effec¬ 
tiveness  of  the  pesticide  to  warrant  such 
action. 

(3)  Unless  they  have  pesticidal  efficacy 
of  their  own.  inert  ingredients  would  in¬ 
clude  the  following  types  of  ingredients: 
Solvents,  such  as  water;  baits  such  as 
sugars,  starches,  and  meat  scraps;  dust 
carriers,  such  as  talc  and  clay;  ^ers; 
wetting  and  spreading  agents;  propel¬ 
lants  in  aerosol  dispensers;  and  emulsi¬ 
fiers.  ’These  ingredients  are  not  consid¬ 
ered  active  ingredients  although  their 
use  is  necessary  in  the  practical  appli¬ 
cation  of  the  pesticide. 

(4)  Active  Ingredients:  Chemical  eval¬ 
uation  requires  that  certain  basic  infor¬ 
mation  be  available  for  each  pesticide 
chemical.  Although  not  usually  required 
for  established  pesticide  chemicals.  It 
must  be  furnished  with  applications  for 
registration  of  products  containing  any 
ingredient (s)  not  previously  registered. 
’This  information  includes,  but  is  not 
limited  to,  the  following: 

(i)  ’The  common  name,  if  established. 

(ii)  A  well  defined  chemical  name 
(Chemical  Abstracts  nomenclature). 

(iii)  ’Trade  name. 

(iv)  Structural  formula. 

(V)  Melting  point. 

(vi)  Boiling  point. 

(vii)  Vapor  pressure. 

(viii)  Density  or  specific  gravity. 

(ix)  Hydrolysis  rate. 

(x)  Solubility  in  various  solvents. 

(xi)  Dissociation  constants  (pKa  or 
pKb). 

(xU)  Stability. 

(xiii)  Physical  state. 

(xiv)  Color. 

(XV)  Odor. 

(xvi)  Composition  of  the  technical 
product  giving  the  names  and  percent¬ 
ages  of  the  impurities. 

(5)  Inert  ingredients:  Although  data 
requiremmts  generally  apply  either  to 


the  individual  active  ingredients  or  to 
the  entire  formulation,  if  there  is  reason 
to  believe  that  an  inert  ingredient  may 
present  problems  of  safety,  environmen¬ 
tal  contamination  or  residue  in  crops,  or 
if  registration  is  requested  for  a  formula¬ 
tion  containing  an  inert  ingredient*  not 
previously  registered,  some  or  all  of  the 
informaticoi  required  for  active  ingredi¬ 
ents  will  be  required  for  inert  ingredi¬ 
ents  as  well.  As  examples:  The  solvent 
dimethyl  sulfoxide  is  restricted  to  a  maxi¬ 
mum  of  15  percent  of  a  formulation  be¬ 
cause  it  can  penetrate  the  skin  and  in¬ 
jure  the  user;  polychlorinated  biphenyls 
and  polychlorinated  terphenyls  cannot 
be  used  because  they  are  very  persistent 
in  the  environment  and  may  detrimen¬ 
tally  affect  wildlife. 

(6)  Establishing  a  Common  Name:  If 
an  ingredient  has  no  common  name,  the 
Administrator  may  after  due  notice  es¬ 
tablish  a  common  name,  first  considering 
names  proposed  by  the  applicant,  regis¬ 
trant,  or  primary  producers  of  the 
chemical.  Names  proposed  by  others  also 
may  be  considered.  Proposed  names 
should  be  appropriate  for  the  informa¬ 
tion  and  protection  of  the  public.  A  sim¬ 
ple  chemical  name  may  serve  as  a  com¬ 
mon  name;  a  proprietary  name  or 
trademark  will  not  be  acceptable.  ’The 
person  proposing  a  common  name  will  be 
responsible  for  ensuring  that  it  does  not 
infringe  on  a  valid  trademark,  patent,  or 
copyright.  Names  may  be  established  by 
application  to  the  K62  Committee  of  the 
American  National  Standards  Institute, 
1430  Broadway,  New  York,  New  York 
10018.  ’The  Agency  has  available  a  com¬ 
pilation  of  all  acceptable  common  and 
chemical  names.^ 

(c)  Assay  and  impurity  assessment  for 
technical  products.  (1)  Analyses  and  the 
methods  employed  are  required  for  the 
principal  component  and  for  the  signifi¬ 
cant  technical  impurities  in  each  pesti¬ 
cide  chemical.  ’These  analytical  tech¬ 
niques  usually  will  be  combinations  of 
such  methods  as  thin-layer  chromatog¬ 
raphy,  ion-exchange  separation,  gel 
filtration  fractionation,  liquid  chroma¬ 
tography,  gas  chromat<%raphy,  infrared 
spectroscopy  and  mass  spectrometry. 
Limits  of  variation  for  each  significant 
impurity  should  be  provided  for  normal 
production  batches  of  the  pesticide 
chemical.  Speciflcations  for  baseline  lev¬ 
els  of  the  various  impurities  can  be 
established  from  these  data. 

(2)  In  addition  to  the  preceding  re¬ 
quirements,  for  technical  ingredients 
not  previously  registered,  a  2-g  sample  of 
a  purified  analytical  standard  (of  known 
composition)  of  the  pesticide  chemical 
and  a  10-20  g  sample  of  a  typical  batch 
of  the  technical  material  may  be 
required. 

(d)  Information  required  for  formula¬ 
tions.  Registration  applications  should 
also  include  the  following  information 
about  the  formulation: 


*  Robert  L.  Caswell,  David  E.  Johnson,  and 
Conrad  Fleck,  Acceptable  Common  Names 
and  Chemical  Names  for  the  Ingredient 
Statement  on  Pesticide  Labels,  2nd  ed. 
(Washington,  D.C.:  UjS.  Environmental  Pro¬ 
tection  Agency,  1972) . 


(1)  Miscibility  in  various  solvents. 

(2)  If  applicable,  the  pH,  boiling  point, 
flashpoint,  specific  gravity,  viscosity  and 
vapor  pressure. 

(3)  Explosive  characteristics,  if  any. 

(4)  Corrosion  hazards. 

(5)  Capability  of  acting  as  an  oxidizing 
or  a  reducing  agent. 

(6)  For  liquids,  the  weight  of  the  active 
ingredient(s)  per  gallon. 

(e)  Storage  stability.  Data,  usually 
chemical  analysis,  covering  a  period  of 
at  least  1  yr  should  be  submitted  to 
show  storage  stability.  Normally,  the 
product,  as  commercially  packaged,  must 
be  stable  for  as  long  as  it  would  be  ex¬ 
pected  to  remain  in  channels  of  trade. 
As  a  general  rule,  if  during  1  yr,  the  per¬ 
centage  of  any  predominant  active  in¬ 
gredient  declines  more  than  5  percent 
from  the  original  value,  thereby  becom¬ 
ing  less  than  the  percentage  stated  on 
the  label,  this  would  be  significant.  If 
significant  deterioration  does  occur  dur¬ 
ing  normsd  storage  periods,  fiirther 
justification  for  the  product,  including 
additional  toxicity  and  performance 
testing,  may  be  required,  and  the  provi¬ 
sions  of  §  162.10(g)  (6)  concerning  label 
warnings  of  deterioration  will  apply.  Ac¬ 
celerated  aging  tests  can  sometimes  be 
accepted  on  an  interim  basis,  but  shelf 
life  studies  imder  conditions  usually  en- 
coimtered  in  transportation  and  storage 
shall  be  completed  and  the  data  sub¬ 
mitted  within  2  yr  after  registration. 

(f)  Pesticides  on  tobacco.  (1)  Tobacco 
is  not  listed  as  a  raw  agricultural  com¬ 
modity  requiring  the  establishment  of  a 
tolerance.  For  registration  purposes,  the 
following  residue  considerations  for 
products  for  use  on  tobacco  include  a 
total  residue  proflle  in  the  tobacco  and 
the  smoke.  In  addition  to  the  parent 
compound,  this  proflle  includes  polar  and 
nonpolar  plant  metabolites,  translocated 
degradation  products  from  soil,  and 
photodegradation  products.  Radiochem¬ 
ical  techniques  will  normally  be  re¬ 
quired;  if  significant  residues  are  de¬ 
tected.  anal3d:lcal  methods  should  be  de¬ 
veloped  to  characterize  the  residual 
products  and  test  data  should  be  sub¬ 
mitted. 

(2)  If  the  pesticide  use  pattern  repre¬ 
sents  a  foliar  treatment  or  application 
to  soil,  a  study  on  followup  crop  tobacco 
may  be  required.  This  study  should  com¬ 
pile  adequate  data  to  show  conclusively 
the  level  of  residue  likely  to  result  from 
the  directed  use  of  the  product,  includ¬ 
ing: 

(i)  Residues  on  green,  freshly  har¬ 
vested  tobacco.  Proceed  with  step  2  only 
if  residues  are  detected. 

(ii)  Residues  on  cured  or  dried  to¬ 
bacco.  Proceed  with  step  3  only  if  resi¬ 
dues  are  detected. 

(iii)  Residues  in  smoke  from  treated 
tobacco.  Proceed  with  step  4  only  if 
residues  are  detected  in  smoke. 

(iv)  Identify  significant  pyrolysis 
products,  and  conduct  subacute  inhala¬ 
tion  studies.  (See  Hazard  Evaluation.) 

§  162.79  E^nvironmental  chemistry. 

(a)  Pesticide  fate  and  movement  in 
soil — (1)  Edaphic  and  climatic  descrip¬ 
tions.  (1)  The  soil  description  should  fit 
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into  a  common  textural  classification.* 
The  Soil  Conservation  Service  (USDA) 
field  office  servincr  the  county  may  be 
consulted  in  locating  a  representative 
site  and  in  classifying  the  soil. 

(ii)  The  following  physical  and  chem¬ 
ical  properties  of  the  surface  soil  should 
be  determined;  Organic  carbon,  cation 
exchange  capacity  (at  pH  7),  pH,  bulk 
density,  and  water  retentivity  at  Vs  bar. 
Acceptable  methods  would  include  those 
described  in  the  Soil  Conservation  Serv¬ 
ice,  Soil  Survey  Investigations  Report 
No.  1,  or  in  the  American  Society  of 
Agnmomy  Monograph  No.  9.  (See  Ap¬ 
pendix  Part  VL)  A  complete  report  of 
the  studies  conducted,  including  a  de¬ 
scription  of  or  reference  to  the  actual 
method  used,  should  be  submitted. 

(iii)  Field  studies  with  pesticides 
should  also  be  supported  by  the  follow¬ 
ing  climatological  and  geographic  infor¬ 
mation  as  appropriate: 

(A)  Sufficient  descriptive  data  to  lo¬ 
cate  the  field  plot(s)  within  a  county 
or  a  parish. 

(B)  Amount  of  rainfall  and/or  irri¬ 
gation  water  accumulative  to  each 
sampling. 

(C)  Soil  and/or  air  temperature  data 
from  the  State  climatic  division  within 
which  the  field  studies  were  performed.* 

(2)  Soil  Metabolism  Studies,  (i)  These 
studies  should  be  designed  to  provide 
basic  information  on  the  rate,  type  and 
degree  of  degradation  of  the  parent  pes¬ 
ticide  and  its  transformation  products, 
including  bound  residues.  Since  knowl¬ 
edge  of  all  major  products  formed  is 
essential,  studies  with  radiolabeled  pes¬ 
ticides  will  be  reqiiired.  Radiolabeling 
should  be  in  a  strategic  portion  of  the 
molecule  that  will  remain  in  the  signifi¬ 
cant  degradation  products.  Usually,  but 
not  always,  labeling  will  involve  an  aro¬ 
matic  ring.  Some  highly  complex  pesti¬ 
cides  will  require  radiolabeling  at 
several  points  in  the  molecule  to  assure 
adequate  coverage  of  all  chemical  trans¬ 
formations.  Greenhouse  studies  under 
controlled  conditions  are  acceptable. 

(ii)  Rapid  loss  of  carbon  dioxide  is  not, 
in  itself,  satisfactory  evidence  of  a  prod¬ 
uct’s  safety.  Although  the  major  meta¬ 
bolic  pathway  may  take  this  route, 
other  routes  may  lead  to  the  formation 
of  small,  but  significant,  amounts  of  by¬ 
products.  Sufficient  data  should  be  col¬ 
lected  by  periodic  analysis  to  allow 
graphic  plotting  of  the  amount  of  par¬ 
ent  compound  until  10  percent  or  less 
remains.  The  data  should  clearly  show 
the  formation  and  decline  rate  of  sig¬ 
nificant  degradation  products.  Proper 
isomeric  designatiems  and  structural 
formulas  should  be  provided  for  each 
compound  and  significant  degradation 
product. 

(iii)  As  a  result  of  the  studies,  clearly 
defined  and  validated  analytical  proce- 

*  UA.  Department  of  Agriculture,  Soil 
Taxonomy,  Agiiculttiral  Handbook  No.  436 
(WashingUm,  D.C.:  UA.  Oovemment  Print¬ 
ing  Office,  in  press) .  - 

•HA.  Depautment  of  Commerce,  CHmatUs 
AtUa  of  the  United  State*  (Washington, 
D.C.:  H.a.  Oovemment  Printing  OAce, 
June  1968). 


dures  for  the  separation  and  identifi¬ 
cation  of  degradation  products  and  polar 
and  nonpolar  metabolites  should  be 
available.  Of  special  importance  are 
mobility  (Rf)  values  on  thin-layer  chro¬ 
matograms  and  relative  retention  times 
by  gas  chromatography.  Studies  should 
be  supported  by  a  complete  list  of  all 
model  compounds  simthesized  for  use  in 
the  metabolism  study  or  for  any  other 
purpose  related  to  registration.  In  ad¬ 
dition  to  this  listing,  details  of  method 
of  synthesis  and  analytical  method  pa¬ 
rameters  should  be  furnished.  Distribu¬ 
tion  coefficients  (p-values)  will  be  re¬ 
quired  on  all  significant  degradation 
products.  (See  Appendix  Part  VI.) 

(Iv)  Specific  activity  of  the  radiolabel 
should  be  capable  of  tracing  metabolites 
down  to  10  ppb  in  the  soil.  Counting 
levels  should  be  at  least  twice  that  of 
the  normal  background  level;  or,  if  not, 
counting  times  should  be  long  enough 
to  provide  a  high  degree  of  statistical 
significance.  Critical  counting  data 
should  always  be  obtained  after  total 
combustion  to  minimize  quenching 
effects. 

(V)  Basic  soil  metabolism  studies 
should  be  performed  under  aerobic  con¬ 
ditions.  For  standardization  and  com¬ 
parison,  a  soil  with  sandy  loam,  loam, 
or  silt  loam  surface  textine  is  pr^erred. 
(See  Appendix  Part  VI.) 

(vi)  An  additional  abbreviated  test 
using  a  fine  textured  surface  soil  is  de¬ 
sirable  to  determine  if  significantly  dif¬ 
ferent  levels  of  bound  residues  occur  in 
such  soils  and  to  provide  comparative 
qualitative  data  on  metabolic  products  in 
a  significantly  different  soil  type.  (See 
Appendix  Part  VI.)  Residues  remaining 
after  exhaustive  extraction  with  non¬ 
polar  solvents  followed  by  polar  solvents 
will  be  considered  bound  residues.  An 
interim  definition  of  a  significant  quan¬ 
tity  of  bovuid  residue  has  been  estab¬ 
lished  as  any  amount  of  unextractable 
residue,  greater  than  10  percent  ex¬ 
pressed  as  parent  compound,  remaining 
1  yr  after  a  single  treatment. 

(vli)  Data  showing  that  a  residue  is 
strongly  bound  justifies  continued  ex¬ 
perimental  inquiry  into  the  nature  and 
possible  significance  of  the  biikllng 
mechanisms;  potential  for  release;  and 
slow  long-term  interactions  of  several 
different  chemical  substances.  Therefore, 
the  characterization  of  a  residue  that  is 
strongly  bound  will  require  data  related 
to  the  following  questions. 

(A)  Will  bound  residues  continue  to 
increase  with  annual  application  of  a 
pesticide  to  the  same  soil? 

(B)  Will  a  plateau  be  reached? 

(C)  What  is  the  dissipation  rate  of 
bound  residues? 

(D)  Can  bound  residues  be  taken  up  by 
subsequent  crops  growing  in  the  soil? 

(vii)  In  addition,  tests  to  provide  data 
relating  to  these  questions  may  be 
needed ; 

(A)  What  is  the  nature  of  the  boimd 
products? 

(B)  In  what  constituent  of  the  soil 
are  they  boimd? 

(C)  What  is  the  binding  capacity  of 
various  kinds  of  soils? 


(D)  Do  various  pesticide  degradation 
products  compete  for  available  binding 
sites?  (For  example,  will  phenols  dis¬ 
place  amines,  or  vice  versa?) 

(E)  If  the  soil  particles  reach  an 
aquatic  environment,  what  pesticide 
fragments  are  released  and  over  what 
period  of  time? 

(ix)  In  addition  to  the  aerobic  soil 
metabolism  studies,  an  anaerobic  soil 
metabolism  study  will  be  required.  (See 
Appendix  Part  VI.) 

(3)  Sott  persistence  studies.  (1)  Soil 
persistence  data  derived  under  actual  use 
conditions  are  required  in  the  main  geo¬ 
graphic  and/or  climatological  areas  for 
which  a  registration  is  proposed.  Nor¬ 
mally  4  sampling  sites  selected  to  repre¬ 
sent  ranges  of  the  weather  and  soil  ele¬ 
ments  will  be  adequate.  Suitable  classifi¬ 
cations  into  soil  regions  include  the  20 
land  resource  regions  described  by  the 
USDA.*  Additional  considerations  should 
Include  the  amount  and  the  time  distri¬ 
bution  of  precipitation  and  irrigation, 
mean  air  temperature  for  the  growing 
season,  and  mean  annual  freeze-free 
periods. 

(ii)  Samples  should  be  taken  using 
statistically  valid  sampling  schemes  over 
a  sufficient  timeframe  to  allow  a  defini¬ 
tive  assessment  of  the  degradation  pro¬ 
file.  Besides  the  parent  pesticide  moiety, 
persistent  degradation  products  of  sig¬ 
nificant  quantities  should  be  determined. 
Suggested  sampling  times  (after  the  last 
treatment)  would  include  0  days,  1  wk, 
2  wk,  1  mo,  3  mo,  6  mo,  1  3^,  and  18  mo. 
Sampling  depth  should  be  at  least  0  to 
6  in.;  if  the  pesticide  leaches,  deeper  sam¬ 
pling  profiles  may  be  necessary.  The  sam¬ 
pling  should  clearly  encompass  the  entire 
vertical  distribution  of  the  parent  pesti¬ 
cide  and  its  major  degradation  products. 

(iii)  When  possible,  each  site  utilized 
should  represent  a  major  soil  series  in  the 
particular  geographic  region.  When  3  or 
more  land  resource  regions  are  repre¬ 
sented,  however,  at  least  one  of  the  more 
northerly  regions  should  be  represented 
by  a  fine-textured  surface  soil  (finer  than 
silt  loam) . 

(Iv)  For  many  pesticides  with  low-to- 
moderate  persistence  (half  degradation 
times  of  less  than  6  mo),  the  preceding 
studies  will  provide  adequate  data  on  the 
degradation  profile  under  typical  field 
conditions.  Some  agricultural  pesticides, 
however,  that  are  not  incorporated  di¬ 
rectly  into  the  soil,  such  as  those  applied 
to  foliage  or  used  in  preemergence  weed 
control,  may  yield  ambiguous  soil  per¬ 
sistence  data.  In  these  cases,  supplemen¬ 
tal  soil  persistence  studies  in  which  the 
pesticide  is  incorporated  directly  into  the 
upper  soil  horizons  may  be  ai^ropriate. 
(Sto  Appendix  PartVI.) 

(v)  If  a  pesticide  or  its  degradation 
products  are  highly  persistent,  special 
long-term  studies  to  determine  buildup 
of  these  substances  may  be  required. 
Usually,  studies  would  entail  selecting 
test  fields  and  employing  the  maximum 

•  U.S.  Department  of  Agriculture,  Land 
Resource  Regions  and  Major  Land  Resource 
Area*  0/  the  United  State*,  Agricultural 
Handbook  No.  296  (Washington,  D.C.:  UA. 
Government  Printing  Office,  1972). 
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allowable  application  rate  and  number  of 
treatments  (according  to  the  label  In¬ 
structions)  for  a  succession  of  growing 
seasons.  Test  areas  would  be  selected  for 
climatological  conditions  most  favorable 
to  stability  of  the  parent  compounds. 
*01080  studies  should  continue  until  it 
is  clearly  demonstrated  that  a  plateau 
level  or  equilibrium  is  reached;  or  the 
buildup  due  to  repeated  applications  of 
the  pesticide  can  be  predicted. 

(4)  Leaching  studies.  Laboratory 
scale  leaching  studies  on  the  parent  com¬ 
pound  and  its  soil  degradation  products 
will  be  required.  If  a  high  degree  of  mo¬ 
bility  is  observed  for  the  pesticide  or  one 
of  its  degradation  products,  special  field 
studies  may  be  required.  (See  Appendix 
Part  VI.) 

(b)  Pesticide  fate  and  movement  in 
water.  Typical  studies  which  may  be  re¬ 
quired  for  a  new  pesticide  product,  in¬ 
cluding  the  parent  compound,  metabo¬ 
lites  and  any  important  degradation 
products,  are  summarized  below.  The  ap¬ 
pendix  provides  information  on  various 
tests  that  can  be  performed  to  obtain 
data. 

(I)  Dissipation  rate  in  distilled  water. 
These  studies  should  include: 

(1)  Data  on  the  rate  of  hydrolysis  at 
acid,  basic  and  neutral  pH  values.  Test 
temperatures  should  span  the  range  of 
water  temperatures  anticipated  under 
actual  pesticide  use  patterns. 

(ii)  Suitable  photodegradation  data  at 
a  pH  where  maximum  stability  has  been 
noted. 

(2)  Degradation  in  water  containing 
suspended  solids.  These  studies  should 
determine; 

(i)  The  effect  of  suspended  sediment 
under  natural  conditions.  Studies  should 
include  qualitative  and  quantitative  data 
on  any  major  metabolite  and  degrada¬ 
tion  product. 

(ii)  Duration  of  biological  activity, 
such  as  phytotoxicity. 

(3)  Degradation  studies  in  bottom 
sediments.  If  residues  accumulate  in  bot¬ 
tom  sediments,  dissipation  curves  shoiild 
be  determined  in  sediments  representa¬ 
tive  of  those  likely  to  be  encountered  im- 
der  normal  conditions  of  use. 

(4)  Translocation.  Laboratory  and/or 
field  studies  on  pesticide  movements 
should  include: 

(i)  Uptake  of  the  pesticide  and  its 
breakdown  products  by  roots  and  foliar 
siu^aces  of  typical  crops  and  aquatic 
plants  that  would  be  receiving  some  or 
all  of  their  water  from  the  aquatic  source. 

(II)  Residue  levels  in  irrigated,  fiooded, 
or  otherwise  artificially  watered  food 
cr(H>6. 

(5)  Livestock  and  poultry  drinking 
water.  Studies  should  show  levels  of  resi¬ 
dues,  if  any,  in  milk,  animal  tissues  and 
eggs  in  relation  to  the  concentration  of 
the  pesticide  in  water. 

(6)  Tests  involving  moving  xjoaters. 
Data  on  rate  and  extent  of  movement  in 
flowing  water  would  normally  be  ob¬ 
tained  in  one  or  more  of  the  following 
ways: 

(1)  Chemical  analysis  of  water  fnmi 
selected  points  downstream  from  source 
of  entry. 


(11)  Bioassay  of  water  from  selected 
downstream  points,  using  highly  sensitive 
aquatic  plant  or  animal  organisms. 

(ill)  Chemical  analysis  of  residue 
buildup  in  selected  indicator  organisms. 

(c)  Pesticide  residue  studies — il)  Fish 
and  toildlife  studies,  (i)  Fish  residue 
studies  must  be  conducted  to  determine 
the  amount  of  uptake  of  the  pesticide 
and  its  major  degradation  products  by 
fish,  imtil  a  plateau  has  been  reached  and 
the  rate  of  dissipation  of  any  residue 
taken  up  by  fish  when  placed  in  pesti¬ 
cide-free  water.  These  studies  are  usually 
nm  in  dynamic  flow-through  systems, 
but,  with  adequate  controls,  static  tests 
are  acceptable. 

(ii)  Normally,  the  fish  residue  require¬ 
ments  can  only  be  met  using  radiochem¬ 
icals.  Detailed  test  procedures  can  only 
be  defined  by  careful  consideration  of  use 
patterns  and  a  knowledge  of  the  pesti¬ 
cide’s  degradation  characteristics  in  var¬ 
ious  segments  of  the  environment.  Ana¬ 
lytical  determinations  should  include  the 
relative  amoxmts  of  extractable  (polar 
and  nonpolar)  and  tissue-bound  resi¬ 
dues. 

(iii)  Modified  fish  exposure  studies  in¬ 
volving  pesticides  which  are  strongly  ad¬ 
sorbed  on  soil  surfaces  will  be  considered 
on  a  case-by-case  basis. 

(iv)  In  addition  to  the  fish  residue 
studies  discussed  above,  additional  stud¬ 
ies  on  fish  and  other  aquatic  organisms 
may  be  required  under  exposure  condi¬ 
tions  simulating  their  natural  habitat. 
Also,  additional  residue  studies  on  ter¬ 
restrial  wildlife  may  be  required  depend¬ 
ing  on  the  proposed  use  pattern. 

(2)  Crop  uptake  studies.  Studies  on 
the  uptake  of  pesticide  residues  in  soil 
will  be  required  for  pesticides  with  use 
imttems  proposed  for  croplands,  or  for 
noncroplands  that  may  be  converted  for 
crop  use. 

(d)  Photodegradation  studies.  Photo¬ 
degradation  studies  on  the  pesticide  will 
be  required  on  surfaces,  in  water,  and 
in  air  depending  on  the  nature  of  the 
compoimd  and  its  use  pattern.  (See  Ap¬ 
pendix  Part  VI.) 

(e)  Volatilization  studies.  Studies  dem¬ 
onstrating  the  rate  of  volatilization  of 
the  pesticide  under  typical  conditions 
of  use  may  be  required.  (See  Appendix 
Part  VI.) 

(f)  Microbiological  studies. — (1)  Effect- 
of  pesticides  on  microorganisms.  Inte¬ 
grated  pest  control  operations  often  re¬ 
quire  the  application  of  several  different 
pesticides  to  the  same  area  within  a  short 
timeframe.  One  or  more  of  these  pesti¬ 
cides,  on  reaching  the  soil,  could  signifi¬ 
cantly  reduce  or  eliminate  populations 
of  nontarget  soil  microorganisms  and 
thereby  alter  the  biochemical  character¬ 
istics  of  the  soil.  The  alterations  could 
affect  soil  fertility,  or  the  degradation  of 
some  of  the  pesticides  and  result  in  in¬ 
creased  persistence  of  a  pesticide.  Thus 
tests  on  soil  microorganisms  or  relevant 
enzyme  systems  of  natural  soil  popula¬ 
tions  will  be  required  to  assess  the  over¬ 
all  action  of  a  pesticide. 

(2)  Effect  of  microorganisms  on  pesti¬ 
cides.  In  general  biodegradability  is  a 
major  factor  affecting  the  persistence 
of  pesticides.  In  aquatic  sites,  where  such 


conditions  as  turbid  water  or  anaerobic 
environments  may  prevent  other  means 
of  decomposition,  such  as  photolysis  or 
oxidation,  biodegradation  assumes  even 
greater  importance.  Because  biodegrada¬ 
tion  relies  extensively  on  the  action  of 
microorganisms,  a  qualitative  and  quan¬ 
titative  assessment  of  their  role  in  the 
degradation  of  all  pesticides  likely  to 
enter  aquatic  environments  in  significant 
quantities  will  be  required.  These  pesti¬ 
cides  would  include  aquatic  herbicides, 
household  pesticides  and  industrial 
microbicides. 

Hazard  Evaluation 
§  162.80  Overview. 

(a)  The  basic  purpose  of  PIFRA,  as 
amended,  is  to  ensme  that  pesticides 
used  in  the  United  States  perform  their 
Intended  functions  without  causing  un¬ 
reasonable  adverse  effects  on  man  or  the 
environment.  This  part  sets  forth  Guide¬ 
lines  for  collecting  and  reporting  toxic¬ 
ity  data  which  an  applicant  for  the  reg¬ 
istration  or  reregistration  of  a  product 
registered  prior  to  the  effective  date  of 
this  Part  162  (FIFRA  section  3  Regula¬ 
tions)  must  provide  to  the  EPA  pursuant 
to  §  162.8.  The  data  on  toxicity  enables 
EPA: 

(1)  To  determine  whether  registration 
should  be  approved  and  whether  the 
pesticide  product  should  be  classified 
for  general  use  or  restricted  use  accord¬ 
ing  to  the  criteria  of  §  162.11. 

(2)  To  determine  whether  the  pro¬ 
posed  labeling  contains  adequate  precau¬ 
tions  and  warnings  to  protect  pesticide 
users,  and  exposed  humans,  domestic 
animals,  fish,  and  wildlife. 

(3)  To  establish  residue  tolerance  to 
protect  consumers  of  exposed  foods. 

(4)  To  determine  conditions  imder 
which  farm  workers  can  enter  treated 
fields. 

Adverse  effects  resulting  from  pesticide 
use  depends  upon  the  degree  of  exposure 
as  well  as  the  degree  of  toxicity  and  the 
type  of  toxic  effect.  The  physical  and 
chemical  nature  of  the  pesticide  and  its 
metabolites  and  degradation  products 
are  important  determinants  of  potential 
hazard.  The  data  requirements  contained 
in  Chemistry  are  essential  in  evaluating 
the  hazard  posed  by  a  pesticide.  The  fol¬ 
lowing  sets  forth  for  an  applicant  the 
toxicological  data  and  reporting  guid¬ 
ance  for  pesticide  registration. 

(c)  Ihe  Appendix  to  accompany  Haz¬ 
ard  Evaluation  contains  test  protocols 
for  exp>erlmentation  which  EPA  has  de¬ 
termined  are  adequate  for  developing 
data  to  determine  the  hazards  posed  by 
the  use  of  a  pesticide.  To  meet  registra¬ 
tion  requirements,  any  test  procedure 
used  by  an  applicant  must  meet  the  in¬ 
tent  and  reliability  of  the  test  procedures 
contained  in  the  Appendix  and  conform 
to  these  Guidelines.  If  the  applicant 
plans  to  use  a  procedure  which  signifi¬ 
cantly  deviates  from  the  test  procedures, 
the  applicant  should  consult  with  EPA 
to  determine  if  the  changed  procedure 
satisfies  the  requirements  of  Re^tra- 
tion  Division.  In  these  Guidelines,  data 
are  identified  as  either  basic  and  re¬ 
quired  for  all  pesticide  registrations  or 
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coDditlonal  and  required  only  under  cer¬ 
tain  stated  coodltkNis.  If  an  applicant 
contends  that  required  data  are  not  ap> 
pUcable  to  a  spe^c  product,  he  must 
submit  a  written  statemrat  to  that  effect 
and  c<msult  with  EFA  before  embarking 
on  a  modiffed  program  of  investigation. 
Data  requlrMnents  set  forth  in  these 
Guidelines  and  the  Appendix  will  only 
waived  pursuant  to  §  162.8(a)  (3), 
which  provides: 

An  applicant  for  registration  may  submit 
written  evidence  that  the  composition,  de¬ 
gradability,  proposed  patterns  of  use  and 
such  other  chemical  or  physical  properties 
of  a  specific  pesticide  or  product  relating 
to  an  evaluation  of  the  effects  on  the  en¬ 
vironment  or  man  are  fundamentally  dif¬ 
ferent  from  the  considerations  made  by  the 
Agency  in  the  ectabllshment  of  the  data 
requirements  of  the  Registration  Guidelines 
and  that  therefore  some  or  all  of  the  data 
requirements  of  the  Registration  Guidelines 
are  Inapplicable  to  the  q>ecific  pesticide  or 
product.  After  considering  the  evidence  sub¬ 
mitted  by  the  iq>plicant,  and  such  other  ln> 
formation  as  may  be  available  to  him.  the 
Administrator  will  make  a  written  findlne 
with  respect  to  whether  such  properties  of 
the  specific  pesticide  or  product  are  funda- 
mentaUy  different  from  the  considerations 
made  by  the  Agency  in  establishing  the  data 
requirements  of  the  Registration  Guidelines. 
If  the  Admi’^lstrator  determines  that  such 
properties  of  the  specific  pesticide  or  uroduct 
are  fundamentally  different  from  the  con¬ 
siderations  made  by  the  Agency,  he  may 
waive  a  data  requirement  specified  in  the 
Registration  Guidelines  when  be  determines 
that  the  data  so  required  is  not  necessary 
in  order  for  him  to  determine  whether  such 
specific  pesticide  or  product  will  generally 
cause  unreasonable  adverse  effects  on  the 
environment  or  man. 

(d)  The  pesticide  used  for  toxicologi¬ 
cal  testing  must  be  the  same  chemically 
characterized  product  which  is  proposed 
to  be  or  is  commercially  produced  and 
used.  Tests  must  be  conducted  at  inter¬ 
vals  to  check  for  stability  of  the  sub¬ 
stance  tested.  It  may  be  necessary  to 
require  additional  animal  studies  to 
those  prescribed  below,  based  on  the 
slope  of  the  resulting  dosage-response 
curve,  the  severity  and  duration  of  toxic 
signs  and  other  appropriate  observed 
effects.  See  also  S  162.8(d) . 

(e)  All  toxicological  and  hazard  evalu¬ 
ation  studies  must  be  done  under  the 
direction  of  qualified  personnel,  who  are 
responsible  for  utilizing  sound  scientific 
experimental  procedures  adequately  to 
determine  a  pesticide’s  toxicological 
hazard.  Nothing  in  this  part  shall  be 
construed  as  relieving  the  pesticide  de¬ 
veloper  and  researcher  of  that  respon¬ 
sibility. 

§  162.81  Hazards  to  humans  and  do¬ 
mestic  animals. 

(a)  This  section  outlines,  first,  data 
reqtiirements  for  all  new  registrations. 
For  those  pesticides  which  have  been 
registered  tefore  October  21,  1974,  and 
which  must  be  reregistered  and  clashed 
under  the  mandate  of  the  amended 
FIPRA,  data  requirements  are  somewhat 
modified.  They  are  enumerated  in  a 
second  topic. 

(b)  Data  requirements  for  new  regis¬ 
trations.  (1)  The  objective  of  acute  tox¬ 


icity  testing  is  the  demonstration  of  ttie 
lethal  dose  at  a  pesticide  for  50  percent 
of  an  animal  group,  expressed  as  a  LD-60 
or  LC-50,  and  Identiflcatlon  of  the  toxic 
signs  consequent  to  a  single  exposure. 
The  results  of  these  procedures  are  used 
to: 

<i)  Demonstrate  comparative  mortal¬ 
ity  risk  for  determining  the  proper  label¬ 
ing  and  classification  for  each  pesti¬ 
cide  use; 

(ii)  rielineate  specific  toxic  manifes¬ 
tations  and  mechanisms; 

(iii)  Develop  iq)propriate  clinical  man- 
ag^ent  techniques  for  persons  exposed 
to  a  hazardous  dose  either  from  accident 
or  misuse  of  the  pesticide; 

(iv)  Determine  the  need  for  additional 
hazard  studies,  such  as  long-term 
chronic  studies; 

(V)  Design  dosing  regimens  and  other 
aspects  of  subacute  and  chronic  studies; 
and 

(vi)  determine  whether  the  pesticide 
is  to  be  subject  to  a  rebuttable  presmnp- 
tion  agaln«:t  registration  or  presump¬ 
tively  clas.«!ified  f  or  restricted  or  genei^ 
use  according  to  ?  162.11. 

(2)  When  the  LD-50  or  LC-50  is  re¬ 
ported,  it  must  be  accompanied  with  cal¬ 
culations  of  the  slope  of  the  dose-re¬ 
sponse  I’n’,  together  with  95  percent 
confidence  intervals  for  the  LD-50  or 
LC-50  and  the  slope.  For  an  acceptable 
method  of  computing  LD-50 ’s  and  confi¬ 
dence  interva's.  see  footnote  7. 

(3)  Basic  tests. 

(i)  Acute  Oral  LD-50.  The  single  dose 
oral  LD-50  is  to  be  established  on  the 
basis  of  tests  using  1  mammalian  species, 
preferably  the  rat.  A  complete  descrip¬ 
tion  of  effects  observed,  including  full 
details  of  behavior  changes  and  gross 
pathological  findings  at  post-mortrai, 
must  be  reported.  Tests  are  to  be  per¬ 
formed  with  both  the  technical  grade 
material  and  the  formulated  product. 
In  addition,  this  test  must  be  performed 
on  the  product  as  diluted  for  use  if  the 
pesticide  is  used  in  domestic  situations. 
This  information  is  Important  for  deter¬ 
minations  regarding  the  classification  of 
pesticides.  It  is  not  of  practical  value  to 
administer  pesticide  doses  beyond  5000 
mg /kg  in  the  acute  oral  or  dermal  LE>-50 
test.  If  sufficient  members  of  animals 
have  been  used  to  establish  the  absence 
of  toxic  manifestations  at  this  level, 
higher  doses  are  unnecessary. 

(ii)  Acute  Dermal  LD-50.  The  single 
dose  dermal  LD-50  is  to  be  established 
on  the  basis  of  tests  of  at  least  1  mam¬ 
malian  species.  The  rabbit  is  the  animal 
of  choice,  but  the  guinea  pig  and  rat  are 
also  acceptable.  Tests  are  to  be  performed 
with  the  technical  grade  material  and 
the  formulated  product.  As  in  the  oral 
LI>-50  computation,  all  results  must  be 
completely  reported.  In  addition  to  de¬ 
termining  an  LD-50  and  systemic  effects, 


»WeU,  C.  S.  1952.  Tables  for  convenient 
calculation  of  median  effective  dose  and  In¬ 
structions  In  their  use.  Biometrics,  8:  249- 
263.  or  Litchfield,  J.  T.  and  WUcozon,  E.  1949. 
A  simplified  method  of  evaluating  dose-effect 
experiments.  Jour.  Pharma.  Exp.  Therapy. 
96  :  99-115. 


a  wcH  des^ned  and  executed  test  can 
alK>  be  used  to  determine  local  derma¬ 
tologic  effects,  thus  eliminating  the  need 
for  an  additional  primary  dermal  irrita¬ 
tion  test. 

(Hi)  Acute  Primary  Dermal  Irritation. 
Primary  dermal  irritation  is  to  be  eval¬ 
uated  with  the  technical  grade  material 
and  the  formulated  product  on  at  least 
1  mammalian  species.  The  rabbit  is  the 
animal  of  choice,  but  the  guinea  pig  and 
rat  are  also  acceptable. 

(iv)  Acute  Primary  Eye  Irritation. 
Primary  eye  Irritation  is  to  be  evaluated 
with  the  technical  grade  material  and 
the  formulated  product  on  at  least  1 
mammalian  species.  The  rabbit  is  ac¬ 
ceptable  for  this  test. 

(4)  Conditional  Tests. 

(i)  Acute — (A)  Inhalation  LC-50. 
When  the  physical  and  chemical  nature 
of  the  technical  grade  product  or  the 
formulated  product  imder  condition  of 
use  results  in  a  respirable  dust,  mist,  gas. 
or  vapor,  an  inhalation  LC-50  must  be 
determined.  Tests  are  to  be  conducted 
on  1  mammalian  species.  The  rat  is  the 
animal  of  choice. 

(B)  Other  routes.  Intravenous  or  In- 
traperitoneal  routes  of  administration 
may,  on  occasion,  be  needed  to  resolve 
questions  raised  by  the  oral,  dermal,  or 
inhalation  studies.  For  example,  if  the 
extent  of  the  gastro-intestinal  absorption 
of  a  pesticide  is  uncertain,  the  acute  in- 
traperitoneal  and/or  intravenous  toxicity 
of  the  chemical  in  the  same  species  that 
was  used  to  evaluate  the  acute  oral 
toxicity  may  be  requested. 

(ii)  Subacute  tests.  Subacute  toxicity 
procedures  are  designed  to  determine  the 
adverse  effects  of  multiple  exposure 
within  less  than  Vb  the  lifetime  of  the 
organism.  Such  test  procedures  may  be 
utilized  to  determine  the  general  toxicity 
resulting  from  multiple  exposures,  as  is 
usually  the  case  with  subacute  feeding 
procedures,  or  they  may  be  utilized  to 
evaluate  the  potential  of  a  pesticide  to 
elicit  specific  reactions. 

(A)  Subacute  dermal.  Skin  sensitiza¬ 
tion  and  subacute  dermal  data  will  be 
required  if  conditions  of  use  may  result 
in  repeated  skin  contact  (through  dust¬ 
ing  or  bathing  pets,  impregnation  of 
fabrics  or  leather,  direct  application  to 
livestock,  use  as  a  swimming  pool  addi¬ 
tive  or  Insect  repellant,  etc.  TTie  guinea 
pig  is  the  animal  of  choice  for  skin  sensi¬ 
tization  studies:  the  rabbit,  the  animal 
of  choice  for  subacute  dermal  data.  Tests 
must  be  performed  with  the  technical 
grade  product  and  the  formulated  prod¬ 
uct.  Photosensitization  studies  should  be 
performed  if  conditions  of  use  may  result 
in  repeated  skin  contact  and  exposure  to 
sunlight  with  pesticide  products  that 
contain  coal  tar  derivative.s,  pyridine, 
anthracene  or  other  related  chemicals 
that  are  known  to  elicit  photosensitivity 
reactions. 

(B)  Subacute  inhalation.  Inhalation 
studies  on  the  formulated  product  will 
be  required  if  conditions  of  use  may  re¬ 
sult  In  repeated  Inhalation  exposure.  At 
least  1  mammalian  species  must  be  used; 
the  rat  is  the  animal  of  choice. 


FEDEtAL  REGISTER,  VOL  40,  ^O.  123— WEDNESDAY,  JUNE  25,  1975 


PROPOSED  RULES 


26833 


(C)  Subacute  oral.  Feeding  studies 
will  be  required  if  use  results  in  residues 
on  food  or  feed  or  if  significant  oral  ex¬ 
posure  is  expected,  e.g.  the  swallowing 
of  pesticides  in  swimming  pool  water.  At 
least  2  mammalian  species  must  be  used, 
1  a  nonrodent,  but  excluding  the  rabbit. 

(D)  Teratology.  Teratological  studies 
are  required  on  the  technical  grade  prod¬ 
uct  if  the  pesticide  use  may  reasonable 
be  expected  to  result  in  exposme  to  fe¬ 
male  humans,  or  if  use  may  result  in 
residues  in  food  or  feed.  Teratological 
effects  must  be  evaluated  in  tests  using 
1  manunalian  species  that  possesses  a 
hnnochorial  placenta,  such  as  the  rat, 
mouse,  or  non-human  primate.  OUier 
species  of  proven  value  in  this  area,  such 
as  the  dog,  also  may  be  used.  In  both 
this  and  reproduction  studies,  teratogenic 
effects  must  be  distinguished  from  feto- 
toxlc  effects  or  generalized  toxic  effects 
on  the  parents. 

(E)  Neurotoxicity.  Regardless  of  the 
route  of  exposure  or  the  duration  of  the 
test,  observations  in  experimental  ani¬ 
mals  should  be  made  for  changes  in  be¬ 
havior  patterns,  or  other  central  ner¬ 
vous  system  effects.  If  the  test  compound 
is  an  organophosphate  or  carbamate 
pesticide  or  if  it  otherwise  results  in 
cholinesterase  inhibition,  neurotoxicity 
tests  are  required.  The  adult  hen  is  ac¬ 
ceptable  for  determining  the  effects  of 
pesticides  on  the  myelin  sheath.  The  rat 
or  dog  is  appropriate  for  demonstrating 
acetylcholinesterase  inhibition. 

(F)  Metabolism.  Metabolism  studies 
are  required  if  the  pesticide  use  resxilts 
in  residues  on  food  or  feed.  Depending 
upon  the  use  and  the  nature  of  the  resi¬ 
due  on  the  raw  agricultural  commodities. 
1  or  2  species  should  be  studied.  For  ex¬ 
ample,  if  the  pesticide  is  to  be  used  in 
a  manner  likely  to  leave  a  residue  in  or 
on  the  feed  of  dairy  cattle,  the  metabo¬ 
lism  of  the  pesticide  in  the  cow  should  be 
studied.  Similarly,  if  the  pesticide  is  to 
be  used  in  a  manner  likely  to  leave  resi¬ 
dues  in  or  on  chicken  feed,  the  metabo¬ 
lism  of  the  pesticide  in  chickens  should 
be  studied.  The  rat  and  the  dog  are  the 
usual  laboratory  species  for  extrapolat¬ 
ing  the  metabolism  of  pesticides  to  man, 
however.  The  appendix  provides  infor¬ 
mation  on  testing  pesticides  in  both 
ruminants  and  non-nunlnants.  Metabo¬ 
lism  studies  also  may  be  required  to  de¬ 
fine  blood  levels,  tissue  storage,  detoxifi¬ 
cation  mechanisms,  or  to  resolve  unusual 
toxicological  problems. 

(ill)  Chronic  tests.  Chronic  testing 
procedures  determine  the  toxicological 
effects  from  multiple  or  continuous  ex¬ 
posures  over  a  period  of  at  least  Vi  the 
lifetime  of  that  organism.  The  purpose 
of  these  testing  procedures  is  to  establish 
a  maximum  exposure  level  that  induces 
no  toxicological  effect  and  to  determine 
the  nature  and  degree  of  long-term  toxic 
effects  observed  at  various  exposure 
levels. 

(A)  Oncogenicity.  Oncogenic  evalua¬ 
tion  of  the  active  ingredient  will  be  re¬ 
quired  if  the  active  Ingredlent(s),  its 
metabolite  (s )',  degradation  product (s ) , 
or  impurity  (les)  contains  a  substance 
structurally  related  to  a  suspected  or 
known  oncogenic  agent,  produces  hyper¬ 


plasia  or  metaplasia;  or  if  the  pesticide 
use  results  in  a  residue  on  food  or  feed. 
Lifetime  feeding  studies  are  required  in' 
at  least  2  mammalian  species.  The  rat, 
mouse,  and  hamster  are  the  animals  of 
choice.  One  species  used  in  the  testing 
procedures  must  be  the  rat;  the  other 
species  must  be  the  most-sensitive 
species  for  that  pesticide  or  chemical 
group,  if  such  species  has  been  estab¬ 
lished.  For  organochlorine  pesticides,  the 
mouse  is  the  most-sensitive  species  and 
shall  be  the  second  species  for  testing. 
The  most-sensitive  species  is  generally 
determined  in  acute  toxicity  studies  on  a 
pesticide  by  pesticide  basis;  however,  lit¬ 
tle  information  is  available  on  most- 
sensitive  species  for  lifetime  feeding 
studies.  As  these  species  are  identified, 
information  will  be  provided  in  the 
Guidelines  and  Appendix. 

(B)  Feeding.  Feeding  studies  are  re¬ 
quired  if  the  pesticide  use  results  in  a 
residue  on  food  or  feed.  At  least  2  mam¬ 
malian  species  must  be  used  in  these  life¬ 
time  feeding  evaluations.  One  species 
must  be  the  rat;  the  other  species  will  be 
determined  by  Registration  Division. 
However,  when  a  generally  recognized 
most-sensitive  species  is  appropriate  for 
the  particular  pesticide,  it  wifi  be  pre¬ 
scribed.  In  most  instances,  life-time  feed¬ 
ing  studies  also  will  provide  data  on  on¬ 
cogenicity  that  will  be  acceptable. 

(C)  Reproduction.  Reproduction  stud¬ 
ies  are  required  if  the  pesticide  use  re¬ 
sults  in  a  residue  on  food  or  feed.  Evalu¬ 
ations  must  be  performed  on  at  least  1 
mammalian  species,  using  one  of  the 
same  rodent  species  used  in  the  feeding 
study.  These  studies  will  demonstrate 
whether  abnormalities  occur  in  parental 
activities  from  mating  through  lactation, 
and  in  progeny  growth  and  development 
from  inception  through  maturity. 

(D)  Other  Chronic  Tests.  Experiments 
involving  chronic  exposures  of  experi¬ 
mental  animals,  usually  via  the  oral 
route,  shall  also  include  observations  of 
the  effects  of  the  pesticide  on:  (f )  Hema¬ 
topoiesis,  (2)  endocrine  ss^tems,  and  (2) 
histopathology  of  various  tissues  and 
organs,  particularly  the  liver  and  kidney. 

(Iv)  Special  Studies.  The  following  ad¬ 
ditional  studies  may  be  required  imder 
the  special  conditions  indicated: 

(A)  Mutagenicity.  Evaluation  of  the 
mutagenic  potential  of  the  active  in¬ 
gredients  of  a  pesticide  product  will  be 
required  if  the  pesticide’s  use  character¬ 
istics  or  chemical  structure  meet  any  of 
the  following  conditions: 

(1)  The  pesticide  requires  a  tolerance 
or  an  exemption  from  the  requirement  to 
obtain  a  tolerance; 

(2)  The  active  ingredient (s),  its  me- 
tabolite(s),  degradation  product(s)  or 
impurity  (ies)  contains  a  substance 
structurally  related  to  a  suspected  or 
known  carcinogenic  or  mutagenic  agent; 

(2)  The  pesticide  use  pattern  is  likely 
to  involve  significant  Inhalation  or  der¬ 
mal  exposme  to  significant  population 
groups. 

The  evaluation  of  mutagenic  potential 
shall  be  conducted  on  in  vivo  mammalian 
test  systems.  The  Appendix  provides 
references  on  in  vivo  cytogenetics,  a  heri¬ 
table  translocation  test  and  a  specific 


locus  test.  The  Agency  realizes  that,  be¬ 
cause  of  the  special  test  animal  and  other 
requirements  posed  by  these  tests,  they 
cannot  be  carried  out  by  many  labora¬ 
tories  at  the  present  time.  With  current 
laboratory  capacity,  therefore,  careful 
scheduling  of  mutagenic  tests  on  mam¬ 
malian  test  systems  is  necessary.  The 
Agency  believes,  however,  that  in  the 
near  future  when  the  demand  for  such 
tests  becomes  apparent,  both  academic 
and  industrial  laboratories  will  equip 
themselves  to  handle  the  workload.  Gov¬ 
ernment,  academic  and  industrial  re¬ 
searchers  are  also  assessing  the  utility  of 
tests  on  indicator  organisms  other  than 
whole  mammals  for  mutagenic  evalua¬ 
tion  and  how  they  correlate  with  the 
mammalian  experience.  The  Agency  is 
closely  following  this  assessment  and,  at 
the  time  when  the  reliability  and  effec¬ 
tiveness  of  nonmammalian  tests  have 
been  established,  will  appropriately  re¬ 
vise  the  requirements  for  mutagenic 
evaluation.  During  this  evalxiation  phase, 
however,  results  of  nonmammalian  tests 
that  Indicate  positive  mutagenic  poten¬ 
tial  may  come  to  the  attention  of  the 
Administrator,  Such  positive  findings 
will  not,  in  themselves,  necessarily  form 
the  basis  for  a  decision  by  the  Adminis¬ 
trator  to  deny  the  registration  of  a  pesti¬ 
cide  product.  The  Administrator  will  de¬ 
cide  on  a  case-by-case  basis  whether  the 
evidence  warrants  that  a  mutagenic  or 
oncogenic  evaluation  be  performed  in 
mammalian  test  systems. 

(B)  Potentiation.  If  there  is  a  reason¬ 
able  possibility  that  the  toxic  effects  of 
a  pesticide  could  be  potentiated  by  an¬ 
other  chemical  in  the  formulation  or  by 
another  pesticide  product  with  which  it 
may  be  used,  potentiation  studies  will 
be  required. 

(C)  Reentry.  F-Jiar  residue  and  other 
studies  measuring  the  exposure  of  per¬ 
sons  reentering  an  area  treated  with 
pesticides  will  be  required  for  cholines¬ 
terase  inhibiting  pesticides.  These  studies 
shall  be  designed  to  provide  sufficient 
data  to  establish  satisfactory  precau¬ 
tionary  statements.  Characteristics  of 
the  pesticide  which  influence  the  re¬ 
quirement  for  reentry  data  include:  (i) 
high  acute  toxicity  by  the  oral,  dermal, 
or  inhalation  routes  of  exposure,  (2)  long 
half-life  of  the  chemical,  taking  into 
accoimt  volatility,  so  that  it  may  be  ex¬ 
pected  to  be  present  in  sufficient  quan¬ 
tities  to  present  a  hazard  to  the  worker 
when  he  enters  the  field,  and  (2)  strong 
sensitizing  activity  in  human  or  labora¬ 
tory  animals. 

(D)  Other  Studies.  When  appropriate, 
additional  studies  based  upon  similarity 
of  ^e  chemical  structure  between  the 
test  compound  and  those  known  to  pro¬ 
duce  specific  toxic  effects  may  be  re¬ 
quired.  Studies  may  also  be  required  to 
determine  reversibility  of  effects  found 
after  subacute  feeding. 

(c)  Data  requirements  for  reregistra¬ 
tion.  If  the  toxicity  testing  data  pre¬ 
viously  submitted  to  EPA  conforms  to 
the  requirements  of  these  Guidelines  and 
S  162.8,  no  acute  toxicity  testing  for  eval¬ 
uation  of  hazards  to  man  are  required  for 
reregistering  pesticides  that  are  cur¬ 
rently  registered  with  EPA,  The  category 
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of  toxicity  rating  that  has  been  assigned 
to  each  pesticide  will  be  used  for  classi¬ 
fication,  under  the  provision  of  §  162.11, 
where  additional  toxicity  testing  is  not 
required.  The  applicant  for  reregistra¬ 
tion  must  submit  or  have  submitted  the 
following  data  as  specified: 

(1)  Teratogenic  evaluation  of  the 
technical  grade  product  in  a  mammal¬ 
ian  test  system  is  required  if  the  pesti¬ 
cide  use  may  reasonably  be  expected  to 
result  in  exposure  to  female  humans  or 
if  use  results  in  residues  in  food  or  feed. 

(2)  Oncogenic  evaluation  of  the  tech¬ 
nical  grade  product  will  be  required  if: 

(i)  The  active  ingredient(s) ,  its  metab- 
olite(s),  degradation  product(s)  or  im- 
purity(ies),  contains  within  its  struc¬ 
ture  a  chemical  moiety  (ies)  typically 
found  in  compounds  which  initiate  on¬ 
cogenesis  in  mammalian  test  systems;  or 

(ii)  the  pesticide  needs  a  tolerance  or 
an  exemption  from  the  requirement  to 
obtain  a  tolerance. 

(3)  If  the  technical  grade  product 
proves  to  be  oncogenic  in  a  mammalian 
test  system  and  if  the  product  is  used 
in  residences,  or  enclosed  working  spaces, 
or  their  immediate  vicinity,  a  mutagenic 
evaluation  may  be  requested. 

(4)  Chronic  feeding  studies  will  be  re¬ 
quired  for  pesticides  which  need  a 
tolerance  or  an  exemption  from  the  re¬ 
quirement  to  obtain  a  tolerance;  or  pes¬ 
ticides  for  use  in  residences,  working 
spaces,  or  their  immediate  vicinity.  Such 
chronic  feeding  studies  shall  include 
studies  of  effects  on  the  central  nervous 
syst«n  and  hematopoietic  systnn,  and 
historological  changes  in  the  liver,  kid¬ 
ney,  and  reproductive  systems  (male  and 
female) . 

(5)  Reproduction  studies  will  be  re¬ 
quired  for  pesticides  which  need  a  tol¬ 
erance  or  an  exemption  from  the  re¬ 
quirement  to  obtain  a  tolerance.  Such 
reproduction  studies  shall  consist  of 
three-generation  investigations. 

(6)  Foliar  residue  and  other  studies 
measming  the  exposure  of  persons  reen¬ 
tering  an  area  treated  with  pesticides 
will  be  required  for  cholinesterase  in¬ 
hibiting  pesticides.  These  studies  will  be 
designed  to  provide  sufficient  data  to  es¬ 
tablish  satisfactory  precautionary  state¬ 
ments. 

The  animal  species  used  to  develop 
needed  data  for  reregistration  are  the 
same  as  specified  above  for  new  registra¬ 
tions. 

(d)  Data  requirements  for  five-year 
renewal  of  registrations.  Under  the  provi¬ 
sions  of  section  6(a)  of  FIFRA  as 
amended,  a  pesticide  registration  must  be 
renewed  at  least  every  five  years.  Before 
the  end  of  that  period,  the  registrant 
must  request  that  the  registration  be 
continued  In  effect.  Pursuant  to  section 
6(a)  of  the  Act  and  $  162.6  governing 
the  registration  of  pesticides,  the  regis¬ 
tration  shall  be  continued  in  effect  only 
upon  determination  that  the  r^dstra- 
tion  complies  with  all  requirements  of  the 
Act.  the  current  regulations,  and  guide¬ 
lines  promulgated  thereunder.  If  new 
data  requlronents  have  been  added  for 
registration  during  the  registration 
period,  the  registration  will  not  be  re¬ 


newed  imless  the  registrant  has  sub¬ 
mitted  such  additional  data  to  EPA.  The 
Guidelines  will  be  amended  from  time 
to  time  to  refiect  these  additional  data 
requirements. 

§  162.82  Hazards  to  fish  and  wildlife. 

(a)  Acute  and  subacute  toxicities  are 
the  initial  criteria  by  which  potential 
hazard  to  fish  and  wildlife  is  evaluated. 
Data  must  be ‘secured  for  all  pesticides 
that  will  be  used  outdoors  or  that  may 
contaminate  water  or  other  environ¬ 
mental  resources.  Data  on  the  species 
listed  below  are  normally  sufficient  for 
a  general  appraisal  of  the  toxicity  of 
pesticides  to  fish  and  wildlife. 

(b)  In  evaluating  the  potential  hazard 
posed  by  a  proposed  pesticide  use,  toxic¬ 
ity  data  will  be  considered  together  with 
such  other  factors  as: 

(1)  The  chemical  and  physical  char¬ 
acteristics  of  the  pesticide. 

(2)  The  amount  of  pesticide  applied 
per  unit  area  and/or  imit  time. 

(3)  The  likely  degree  of  contamina¬ 
tion  of  different  environmental  compo¬ 
nents  under  proposed  conditions  of  use. 

(4)  The  various  species  likely  to  be 
exposed  to  the  pesticide. 

(5)  The  routes  by  which  organisms 
contact  the  pesticide  and  the  likelihood 
of  exposure  in  different  components  of 
the  environment. 

(6)  The  persistence  of  the  pesticide  or 
its  biologically  active  metabolites  and 
transferral  between  environmental  com¬ 
ponents. 

(7)  The  degree  of  bioaccumulation  of 
the  pesticide  and/or  its  significant  me¬ 
tabolites. 

(c)  Data  requirements  for  new  regis¬ 
tration.  The  following  data  are  required 
to  evaluate  the  effects  that  a  pesticide 
may  have  on  the  environment,  particu¬ 
larly  on  fish  and  wildlife  resources.  All 
toxicity  studies  shovild  investigate  effects 
of  several  dosages  or  concentrations, 
ranging  from  an  effect  level  to  a  non- 
discemible-effect  level.  Proper  statistical 
design  and  evaluation  of  any  toxicity 
study  is  required.  For  acute  and  subacute 
toxicity  tests,  the  results  should  be  stated 
in  terms  of  an  LD-50  or  LC-SO.  When 
the  IiD-SO  or  LC-50  is  reported,  it  must 
be  accompanied  with  calculations  of  the 
slope  of  the  dose-response  line,  together 
with  95  percent  confidence  intervals  for 
the  LD-50  or  IiC-50  and  the  slope.  The 
data  provided  will  be  used  in  all  compu¬ 
tations  which  determine  whether  the 
pesticide  is  subject  to  a  rebuttal  pre- 
sxunption  against  registration  or  is  pre¬ 
sumptively  classified  for  restricted  or 
general  use.  In  addition  to  the  quantified 
indices  of  lethality,  other  results,  such 
as  symptoms  produced,  also  should  be 
reported. 

(1)  Basic  tests — (i)  Avian  Acute  Oral 
LD-50.  The  single  dose  oral  LD-50  of  the 
technical  grade  material  is  required  for  1 
species  of  wild  waterfowl,  preferably  the 
Mallard,  or  one  of  the  following  species 
of  upland  game  bird:  Bobwhite  or  other 
native  quail,  or  the  ring-necked  pheas¬ 
ant. 

(ii)  Avian  Subacute  Dietary  LC-SO. 
The  subacute  dietary  LC-50,  8-day  pro¬ 
tocol  (5-day  dietary  exposure),  of  the 


technical  grade  material  is  required  for 
1  species  of  wild  waterfowl  and  1  species 
of  upland  game  bird.  Preferred  species 
are  those  specified  in  paragraph  (c)(1) 
(i)  of  this  section.  One  of  the  2  species 
selected  for  these  studies  must  be  the 
same  species  selected  for  the  acute  oral 
study  required  in  paragraph  (c)  (1)  (i) 
of  this  section. 

(iii)  Fish  Acute  Toxicity.  Acute  toxic¬ 
ity  data  (LC-50,  96-hr  protocol)  using 
the  technical  grade  material  are  required 
for  a  cold-water  and  a  warm-water  fish. 
Similar  data  may  also  be  required  for 
certain  formulated  products  depending 
on  use  patterns  and  other  factors.  The 
rainbow  trout  and  the  bluegill  are 
preferred. 

(iv)  Invertebrate  Acute  Toxicity. 
Acute  toxicity  data  (LC-50,  96-hr  pro¬ 
tocol)  similar  to  that  in  paragraph  C 
are  required  for  a  sensitive  aquatic  in¬ 
vertebrate,  such  as  Daphnia  sp. 

(2)  Conditional  tests — (i)  Acute  and 
subacute  tests.  (A)  Mammalian  toxicity 
data  as  required  for  evaluating  hazard 
to  humans  and  domestic  animals  will 
normally  be  adequate  to  indicate  hazard 
to  wild  mammals.  Data  on  toxicity  to 
livestock  will  be  useful,  if  available. 

(B)  Acute  toxicity  data  (LC-50,  96-hr 
protocol)  using  either  the  technical 
grade  material,  the  formulated  product, 
or  both  are  required  for  shrimp  and 
crabs  if  the  pesticide  will  be  used  in,  or 
may  contaminate,  estuarine  or  marine 
environments. 

(C)  Acute  toxicity  data  for  oyster 
larvae  (LC-50,  96-hr  protocol)  or  shell 
deposition  data  for  a  representative 
marine  mollusc,  such  as  the  American 
oyster,  are  required,  using  either  the 
technical  grade  material,  the  formulated 
product,  or  both,  if  the  pesticide  will  be 
used  in,  or  may  contaminate,  estuarine 
or  marine  environments. 

(D)  Satisfactory  evidence  is  required 
that,  under  conditions  of  proposed  use, 
the  pesticide  or  specified  formulations 
will  not  cause  unreasonable  adverse 
effects  on  the  fiora  and  fauna  in  aquatic 
environments.  Including  those  of  the 
water  column  and  bottom  sediments.  Be¬ 
cause  of  the  complexity  of  aquatic 
ecosystems,  specific  requirements  will  be 
established  on  a  case-by-case  basis.  Tox¬ 
icity  and  residue  studies  may  be  required 
using  a  typical  bottom-feeding  species 
(channel  catfish  or  carp) ;  predator 
fishes  representative  of  cc^d-and  warm 
water  habitats  (bass,  bluegill,  northern 
pike  or  walleye,  and  brook  or  rainbow 
trout) ;  molluscs  (oysters  or  freshwater 
clams) ;  Crustaceans  (Daphnia,  Gam- 
marus,  or  crajrflsh) ;  and  insect  larvsie 
(midges)  or  nymphs  (mayfiy) . 

(ii)  Chronic  Tests.  (A)  Reproduction 
studies  on  Bobwhite  and  Mallard  nor¬ 
mally  will  be  required  for  materials 
which  are  persistent,  are  stored,  or  ac¬ 
cumulate  in  plant  or  animal  tissues,  or 
are  used  under  conditions  where  wild 
birds  may  be  subjected  to  repeated  or 
continued  exposure. 

(B)  Subacute  or  chronic  fish  and/or 
invertebrate  reproduction  studies  nor¬ 
mally  will  be  required  if  the  pesticide  is 
to  be  used  in,  or  is  likely  to  contaminate, 
aquatic  environments.  Judgement  on  the 
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necessity  for  these  studies  will  take  into 
consideration  the  expected  persistence 
of  the  pesticide  in  soil  and  the  aqiiatlc 
environment,  its  propensity  for  bioac- 
cumulation,  and  use  patterns. 

(ill)  Special  Studies.  (A)  Potential 
hazards  relating  to  a  proposed  pattern 
of  use  may  require  special  testing  under 
actual  or  simulated  field  conditions. 

(B)  Toxicity  data  beyond  those  out¬ 
lined  here  may  be  requested  on  an  in¬ 
dividual  basis  and  will  be  specific  to  the 
problem. 

(C)  See  Petitions  for  Tolerances  for 
the  data  requirements  to  establish  a  tol¬ 
erance  or  an  exemption  from  the  require¬ 
ment  for  a  tolerance,  where  a  pesticide 
use  may  result  in  residues  in  fish  or  shell¬ 
fish. 

(d)  Data  requirements  for  reregistra¬ 
tion.  The  minimum  data  requirements  for 
reregistration  and  classification  of  out¬ 
door  pesticide  uses  include  the  avian  sub¬ 
acute  dietary  LC-50  and  the  96-hr  LC- 
50  for  fish  and  other  aquatic  organisms. 
If  these  data  have  been  submitted  pre¬ 
viously,  they  need  not  be  developed 
again.  Additional  studies  may  be  required 
If  a  registered  pesticide  use  has  demon¬ 
strated  hazard  to  fish  and/or  wildlife — 
for  example,  any  verified  accidental  kill 
of  nontarget  organisms. 

Petitions  for  Tolerances 

§§  162.83-162.93  [Reserved] 

Packaging,  Storage  and  Disposal 

§§  162.94^162.96  [Reserved] 

Gxtidelines  for  Registekino  Pesticides 
IN  THE  United  States 

APPENDIX 

cxneeal  contents^ 

Part  X — Scops  and  Intent  of  appendix. 

Part  n — Beglstratlon  procedures  [Reserved]. 
Part  m — ^Experimental  use  permits  [Re¬ 
served]. 

Part  IV — Product  Performance. 

Subpart  A:  Antimicrobial  Agents. 

Subpart  B:  Aquatic  Pest  Control  Agents. 

SubpMt  C:  Fungicides  and  Kematlcldes. 

Subpart  D:  Terrestrial  Herbicides  and 
Plant  Growth  Regulators. 

Subpart  E;  Invertebrate  Control  Agents. 

Subpart  F:  Vertebrate  Control  Agents. 
Part  V — ^Label  Development  [Reserved]. 

Part  VI — Chemistry. 

Environmental  chemistry. 

Part  vn — Hazard  evaluation. 

Subpart  A:  Human  and  domestic 
toxicology. 

Subpart  B:  Aquatic  toxicology. 

Subpart  C:  Wildlife  toxicology. 

Part  Vin — ^R»tltl(ms  for  tolerances  [Re¬ 
served]. 

Paxt  I.  Scope  and  Intent  or  Appendix 

Although,  because  of  bulk,  the  Appendix 
to  the  Guidelines  for  Registering  Pestcides  in 
the  United  States  has  been  compiled  sepa¬ 
rately  from  the  guidelines,  the  two  are  com¬ 
plementary  documents.  For  an  Integral  treat¬ 
ment  of  a  topic,  the  user  should  consult 
both  documents:  the  guidelines  primarily 
explain  what  the  procedural  and  data  re- 


*  More  detailed  Contents  pages  precede  each 
part  or  subpart. 


qulrements  for  registration  are;  the  appendix 
delineates  how  these  requirements  may  be 
acceptably  satisfied. 

To  facilitate  reference  between  correspond¬ 
ing  parts  and  topics,  the  appendix  Is  divided 
Into  the  same  major  parts  as  the  guidelines. 
Because  many  subjects  are  treated  more  ex¬ 
tensively  in  the  appendix,  some  of  the  parts 
are  divided  Into  subparts.  Parts  presently 
designated  "reserved”  will,  as  the  appendix 
Is  progressively  developed,  comprise  proce¬ 
dural  exhibits,  such  as  data  submission 
forms,  and  other  material  that  may  assist 
a  registrant  in  compiling  data  or  in  complet¬ 
ing  accurate  application  packages. 

This  initial  publication  of  the  appendix 
describes  those  test  methods,  procedures,  or 
protocols  related  to  developing  registration 
data  for:  (1)  Product  efficacy;  (2)  environ¬ 
mental  chemistry;  and  (3)  hazards  to  hu¬ 
mans  and  domestic  animals  and  fish  and 
wildlife.  Because  of  the  diversity  of  the  mate¬ 
rials,  the  Information  is  presented  in  several 
formats: 

Bibliographic  citations  only,  where  mate¬ 
rial  cited  Is  available  in  open  literature  and 
the  method  or  protocol  is  acceptable  precisely 
as  presented. 

Annotated  bibliographic  citations,  where  a 
modification,  adaptation,  or  explanatory 
statement  Is  necessary  for  acceptable  data 
development  for  registration. 

Pull  text  (with  sotirce  credit)  of  xmpub- 
lished  methods  or  protocols  or  those  that  are 
not  readily  available. 

Pull  text  of  procedures  compiled  from 
several  sources,  authorities,  or  references. 

The  appendix  Is  not  intended  to  set  stand¬ 
ard  test  methods  or  prescribe  infiexlble  regis¬ 
tration  requirements.  Accordingly,  methods, 
procediures,  and  protocols  described  or  ref¬ 
erenced  are  those  presently  considered  ade¬ 
quate  for  develcq>lng  data  acceptable  for  reg¬ 
istration  purposes,  or  those  that  can  be 
identified  as  sources  of  information  within 
the  present  state  of  the  art.  The  Agency  rec¬ 
ognizes  that  applicants  may  be  aware  of 
other  test  procedures  which  are  equally  effec¬ 
tive  for  particular  purposes  and  that  new 
procedures  will  be  developed  in  the  future. 
It  also  recognizes  that  the  test  methods  de¬ 
scribed  sometimes  may  not  be  well  suited  to 
the  evaluation  of  particular  products.  Thus, 
modification  of  the  specific  procedures  set 
out  In  the  appendix  is  permissible,  providing 
the  Intent  and  reliability  of  the  suggested 
methods  are  met.  In  cases  where  an  appli¬ 
cant  proposes  to  deviate  from  the  procedures 
suggested,  prior  agreement  with  the  Agency 
on  the  specific  data  development  methods  to 
be  employed  Is  strongly  recommended. 

Neither  the  guidelines  nor  the  appendix 
are  static  documents.  They  will  be  expanded 
and  revised  periodically  to  reflect  new  scien¬ 
tific  knowledge,  new  trends  In  pesticide  de¬ 
velopment,  and  new  Agency  policies.  All  ap¬ 
plicants,  and  new  applicants  In  particular, 
are  encouraged  to  consult  with  the  Office  of 
Pesticide  Programs  to  resolve  any  questions 
relating  to  data  requirements  or  data  devel¬ 
opment.  Any  i4>pllcant  who  considers  that 
certain  provisions  of  the  guidelines  or  the 
appendix  may  not  be  appropriate  for  a  par¬ 
ticular  pesticide  should  submit  a  written 
statement  of  his  position  and  consult  with 
the  Office  to  determine  what  data  are  neces¬ 
sary  In  his  particular  case. 

In  the  course  of  preparing  this  appendix, 
the  Agency  has  actively  sought  the  advice 
of  such  distinguished  professional  groups  as 
the  American  Institute  of  Biological  Sciences, 
the  Association  of  Official  Analytical  Chem- 
Ists,  the  Chemical  Specialties  Manufactur¬ 
ers  Association,  and  the  American  Society  for 
Testing  and  Materials. 
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Part  IV — Product  Performance 

SUBFART  A — ANTIMICROBIAL  AGENTS 

This  section  considers  antimicrobial 
agents,  primarily  efficacy  data  requirements 
for  supporting  labeling  claims,  and  areas  in 
which  products  are  used.  The  iq)pllcant 
should  assure  himself  that  the  test  method 
selected  to  substantiate  efficacy  Is  current 
and  applicable  to  the  product  proposed  for 
registration. 

Efficacy  data  requirements  for  registration 
are  designed  to  provide: 

1.  Some  evidence  that  the  applicant  can 
reproduce  the  pnxtuct  formula  so  that  each 
production  batch  will  have  the  same  level 
of  activity. 

2.  Evidence  that  ^e  formula  which  Is  be¬ 
ing  offered  for  sale  will  have  reasonable 
shelflife. 

8.  A  sufficient  volume  of  testing  so  that 
product  deficiencies  which  may  be  subse¬ 
quently  found  on  enforcement  samples  In 
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laboratories  cannot  be  ascribed  to  variations 
in  testing  methodology  that  may  be  utilized 
among  different  laboratories. 

Reference  to  “batches”  in  this  subpart 
means  individually  formulated  prepcuatlons 
of  the  product,  either  in  the  laboratory  or 
from  production. 

STERmiZEBS 

Horowitz,  William,  ed.  1970.  Sporicidal  test — 
official  final  action.  Pages  64-65  in  Official 
Methods  of  Analysis  of  the  Association  of 
Official  Analytical  Chemists,  11th  ed.  As¬ 
sociation  of  Official  Analytical  Chemists, 
Washington,  D.C. 

Since  “sterilizer”  is  an  absolute  term  (to 
destroy  all  living  things) ,  the  data  required 
to  support  a  sterilizing  claim  are  greater  than 
those  required  to  support  a  sporicidal  claim. 
The  test  requires  30  replicates  on  each  of  2 
kinds  of  carriers  (porcelain  penicylinders 
and  surgical  silk  suture  loops)  against  spores 
of  both  Bacillus  subtilis  and  Clostridium 
sporogenes  on  3  different  batches  (total  of  120 
carriers  on  each  batch).  TTilrty  carriers  of 
each  type  must  also  be  tested  against  spores 
of  B.  subtilis  and  C.  sporogenes  on  duplicate 
samples  of  1  batch  aged  to  represent  a  60-day 
shelfilfe  stability  study  (total  of  240  carriers, 
plus  300  carriers  equals  600  carriers).  No 
growth  must  be  observed  in  any  of  the  sub¬ 
culture  OT  resubculture  tubes  from  the  600 
carriers. 

SPORICIDES 

Horowitz,  William,  ed.  1970.  Sporicidal  test — 
official  final  action.  Pages  64-65  in  Official 
Methods  of  Analysis  of  the  Association  of 
Official  Analytical  Chemists,  11th  ed.  Asso¬ 
ciation  of  Official  Analytical  Chemists, 
Washington,  D.C. 

The  AOAC  Sporicidal  Test  requires  30  repli¬ 
cates  on  each  of  2  kinds  of  carriers  (porcelain 
penicylinders  and  surgical  silk  suture 
loc^s)  against  spores  of  both  Bacillus  sub¬ 
tilis  and  Clostridium  sporogenes  on  3  differ¬ 
ent  batches  (total  of  120  carriers  on  each 
batch).  Thirty  carriers  of  each  type  must 
also  be  tested  against  spores  of  either  micro¬ 
organism  on  duplicate  samples  of  1  of  the  3 
batches,  aged  to  represent  a  60-day  shelfilfe 
stability  (total  of  120  carriers  for  the  stability 
test).  Added  claims  for  effectiveness  against 
sporeforming  organisms  other  than  B.  subti- 
Us  and  C.  sporogenes  must  be  substantiated 
with  data  derived  from  30  replicates  (pOTce- 
laln  penicylinders)  on  1  batch.  The  spores 
must  be  inactivated  in  30  out  of  30  trials  at 
the  dilution  and  exposure  time  specified.  For 
a  statistical  confidence  level  of  95  percent, 
killing  in  at  least  59  out  of  60  trials  Is 
required. 


VIBUCmES 

(Tentative  method  prepared  by  Registration 

Division,  Office  of  Pesticide  Programs,  EPA 

1972) 

Because  no  specific  official  standardized 
method  for  evaluating  the  virucidal  activity 
of  disinfectants  has  been  adopted,  EPA  will 
accept  adequate  data  developed  by  any  vlro- 
logical  technique  which  is  recognized  as 
technically  sound.  The  procedure  employed 
must  simulate  actual  in-use  conditions.  For 
this  reason,  acceptable  virologlcal  data  are- 
usually  developed  by  carrier  methods  which 
are  modifications  of  either  the  AOAC  Use- 
Dilution  Method  (for  liquid  surface  disin¬ 
fectants)  or  the  AOAC  Oermlcidal  Spray  Test 
(for  spmy  surface  disinfectants).  To  simu¬ 
late  in-use  conditions,  the  specific  virus  to  be 
tested  must  be  inoculated  onto  hard  surfaces, 
allowed  to  dry,  and  then  treated  with  the 
product  according  to  the  directions  for  use 
on  the  product  label.  The  treated  surfaces 
must  be  assayed  after  a  10-min  exposure  to 
determine  if  the  virus  has  been  inactivated. 
Since  most  germicidal  chemicals  are  inher¬ 
ently  toxic  for  the  host  systems  employed 
in  virologlcal  techniques  (especially  cell  cul¬ 
tures),  either  a  “detoxification"  procedure, 
which  will  render  the  treated  virus  free  of 
residual  germicide,  or  a  virus  concentration 
of  sufficient  titer  to  demonstrate  at  least  a 
3 -log  reduction,  even  when  cytotoxicity  is 
observed  in  tissue  culture  systems,  must  be 
employed  in  the  study. 

The  following  information  must  be  pro¬ 
vided  on  each  test: 

1.  The  dilutions  employed  in  the  recovery 
of  the  virus  film  from  the  surface:  e  g.,  10-‘ 
10-*,  etc. 

2.  Virus  controls:  surfaces  contaminated 
with  the  test  virus;  no  germicide  used;  virus 
recovered  at  variovis  dilutions  in  assay  system 
(tissue  culture,  embryonated  egg,  mouse  in¬ 
jection,  etc.). 

3.  The  activity  of  the  germicide  on  a  mini¬ 
mum  of  5  separate  surfaces  (e.g.,  glass  slides) 
contaminated  with  the  test  virus,  showing 
recovery  at  various  dilutions  in  assay  system. 

4.  Cytotoxicity  controls:  germicide  on  sur¬ 
faces  without  test  virus;  effect  on  assay 
system. 

5.  The  ID-50  values  calculated  in  the  varl- 
oris  tests. 

6.  The  reduction  of  the  virus  titer  by  the 
activity  of  the  germicide  ID-60/ml  of  the 
virus  control  less  the  ID-60/ml  of  the  test 
system,  expressed  as  Log.,o  and  calculated  by 
a  statistical  method  (Reed  and  Muench, 
1938;  Litchfield  and  Wllcoxan,  1949,  as 
examples) . 

App.  IV.  A-4 

A  typical  laboratory  report  of  a  single  test 
with  1  virus  involving  a  tissue  culture,  there¬ 
fore,  would  include  the  details  of  the  meth¬ 
ods  employed  together  with  a  table  such  as 
the  following: 


Dilation  of  virus  Viimgermlcide  Virus-control  Cytotoxlclty-oontrol 

from  surface  (recovery  >  of  virus  recovery  >  of  vims  (Toxic  effect  of  germi- 

from  tTMted  surfsce)  bom  untreated  surface)  clde;  no  vims) 


KH-. 


T  T  T  0  0 
00000 
0  0  0  0  0 
0  0  0  0  0 
0  0  0  0  0 


•f  0  0  0  0 


T  T  T  T  T 

0*0^  0 
0  0  0  0  0 
0  0  0  0  0 
0  0  0  0  0 


I  Demonstrated  by  cytopsthogenle  effect,  fluopesoeut  antibody,  plaque  count,  animal  response,  or  other  recognised 
acceptable  teobnlqaei 

NoTB.— T-toxle;  -f-Bvlnis  recovered;  0«no  vims  recovered. 
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Claims  of  virucidal  activity  for  a  product 
must  be  restricted  to  those  viruses  which 
have  actually  been  tested.  Duplicate  studies 
on  one  sample  of  the  product  are  required 
for  each  virus  tested.  When  cytotoxicity  is 
evident  (as  in  above  table)  at  least  a  3-log 
reduction  in  tlt«’  must  be  demonstrated. 
The  vlruclde  must  demonstrate  complete  in¬ 
activation  of  the  virus  at  all  dilutions. 

Where  the  test  virus  does  not  demonstrate 
measurable  cytopatbogenic  refM:tlons  in  sub¬ 
culture  growth  systems,  in  vitro  testing 
would  be  considered  presumptive.  In  this 
case,  confirmatory  testing  in  vivo  must  be 
carried  out  in  a  susceptible  host  after  expo¬ 
sure  of  the  virus  to  the  disinfectant. 

References 
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points.  Amer.  Jour.  Hygiene.  27:  493-497. 

DISINFECTANTS - HOSPITALS  AND  RELATED 

INSTITUTIONS  (LIQUID  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Use-dilution 
method — official  final  action.  Pages  61-64 
in  Official  Methods  of  Analysis  of  the  As¬ 
sociation  of  Official  Analytical  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

With  products  recommended  for  disinfec¬ 
tion  in  hospitals,  clinics,  dental  offices,  etc., 
60  replicates  are  required  on  each  of  3  sam¬ 
ples,  representing  3  different  batches,  against 
Stc^hyloccus  aureus.  Thirty  replicates  on 
each  of  these  3  samples  are  also  required 
against  Salmonella  choleraesuls  and  Pseudo¬ 
monas  aeruginosa.  One  of  these  batches,  aged 
to  represent  a  60-day  shelfilfe  stability  study, 
must  also  be  tested  with  30  replicates  on 
duplicate  samples  against  S.  aureus.  The 
product  must  be  effective  in  disinfecting  59 
out  of  each  set  of  60  replicates  to  provide  a 
95  percent  confidence  level  of  effectiveness 
as  required  by  EPA.  However,  where  only  30 
replicates  are  required,  the  product  must  be 
effective  in  disinfecting  each  set  of  30 
replicates. 

DISINFECTANTS - HOSPITALS  AND  RELATED 

INSTITUTIONS  (SPRAT  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Oermlcidal  spray 
products — official  final  action.  Pages  C8-71 
in  Official  Methods  of  Analysis  of  the  Asso¬ 
ciation  of  Official  Analytical  Chemists,  11th 
ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

With  products  recommended  for  disinfec¬ 
tion  in  hospitals,  clinics,  dental  offices,  etc., 
60  replicates  are  required  on  each  of  3  sam¬ 
ples,  representing  3  different  batches,  against 
Staphylococcus  aureus.  Thirty  replicates  on 
each  of  these  3  samples  are  also  required 
against  Salmonella  choleraesuis  and  Pseudo¬ 
monas  aeruginosa.  One  of  these  batches,  aged 
to  r^resent  a  60-day  shelf  life  stability 
study,  must  also  be  tested  with  30  replicates 
on  duplicate  samples  against  S.  aureus.  The 
product  must  be  effective  in  disinfecting  59 
out  of  each  set  of  60  replicates  to  provide  a 
95  percent  confidence  level  of  effectiveness 
as  required  by  EPA.  However,  where  only  30 
replicates  are  required,  the  product  must  be 
effective  In  disinfecting  each  set  of  30 
replicates. 
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DISINFECTANTS - BOVSEHOLD  AND  NONMEDICAL 

INSTITUTIONS  (LIQUID  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Use-dilution 
method — official  final  action.  Pages  61-64 
In  Official  Methods  of  Analysis  of  the  As¬ 
sociation  of  Official  Analytical  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

EPA  requires  60  replicates  on  each  of  3 
samples,  representing  3  different  batches, 
against  Salmonella  choleraesuia.  In  addition, 
30  replicates  on  each  of  these  3  samples 
against  Staphylococcus  aureus  and  1  other 
pathogen  exclusive  of  S.  aureus.  Salmonella 
typhosa  and  S.  choleraesuis  must  be  tested. 
Data  must  be  developed  to  show  that  the 
other  pathogen  tested  will  survive  the  carrier 
drying  step  utilized  in  the  referenced  tests. 
One  of  these  batches,  aged  to  represent  a  60- 
day  shelf-life  stability  study,  must  also  be 
tested  with  30  replicates  on  duplicate  sam¬ 
ples  against  S.  choleraesuis.  The  test  methods 
and  confidence  level  requirements  are  the 
same  as  those  described  for  hospitals  and  re¬ 
lated  Institutions. 

Some  manufacturers  make  disinfectant 
claims  for  their  abrasive  kitchen  cleaning 
products.  When  a  disinfectant  claim  Is  made, 
the  same  data  as  above  Is  required  when  the 
product  Is  tested  at  1  part  of  product  to  2 
parts  of  water.  In  this  test,  a  slurry  results; 
It  Is  allowed  to  settle,  and  the  test  Is  con¬ 
ducted  on  the  supernatant. 

DISINFECTANTS - HOUSEHOLD  AND  NONMEDICAL 

INSTITUTIONS  (SPRAT  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Germicidal  spray 
products — official  final  action.  Pages  68-71 
In  Official  Methods  of  Analysis  of  the  As¬ 
sociation  of  Official  Analytical  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

EPA  requires  60  replicates  on  each  of  3 
samples,  representing  3  different  batches, 
against  Salmonella  choleraesuis.  In  addition, 
30  replicates  on  each  of  these  3  samples 
against  Staphylococcus  aureus  and  1  other 
pathogen  exclusive  of  S.  aureus.  Salmonella 
typhosa  and  S.  choleraesuis  must  be  tested. 
Data  must  be  developed  to  show  that  the 
other  pathogen  tested  will  survive  the  carrier 
drying  step  of  the  referenced  test.  One  of 
these  batches,  aged  to  represent  a  60-day 
shelflife  stability  study,  must  also  be  tested 
with  30  replicates  on  duplicate  samples 
against  5.  choleraesuis.  The  test  methods 
and  confidence  level  requirements  are  the 
same  as  those  described  for  hospitals  and  re¬ 
lated  Institutions. 

MINIMAL  DISINFECTANT  CXAIMS 
(LIQUID  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Use-dilution 
method — official  final  action.  Pages  61-64 
In  Official  Methods  of  Analysis  of  the  As¬ 
sociation  of  Official  Analyticid  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

Minimal  di6lnfe<fiant  claims  are  limited  to 
situations  where  It  Is  primarily  Important  to 
achieve  effectiveness  against  Oram  negative 
enteric  bacteria.  These  claims  are  allowed  on 
products  that  are  re(x>mmended  for  the  dis¬ 
infection  of  toilet  bowls  and  urinals.  Re¬ 
quired  are  60  replicates  on  etusb  of  3  sam¬ 
ples,  representing  8  different  batches  against 
Salmonella  choleraesuis.  One  of  these 
iMitches,  aged  to  represent  a  60-day  shelfilfe 
stability  study,  must  also  be  tested  with  30 
repll(»te6  on  duplicate  samplee  against  S. 
choleraesuis.  The  oonfidenoe  level  require¬ 
ments  are  the  same  as  those  described  for 
Institutional  disinfectants. 


MINIMAL  DISINFECTANT  CLAIMS 
(SPRAT  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Germicidal  ^ay 
products — official  final  action.  Pages  68-71 
In  Official  Methods  of  Analysis  of  the  As- 
BOifiation  of  Official  Anal]rtical  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

Minimal  disinfectants  claims  are  limited  to 
situations  where  it  Is  primarily  Important  to 
achieve  effectiveness  against  Gram  negative 
enteric  bacteria.  These  claims  are  allowed  on 
products  that  are  recommended  for  the  dis¬ 
infection  of  toilet  bowls  and  urinals.  Re¬ 
quired  are  60  r^licates  on  each  of  3  sam¬ 
ples,  representing  3  different  batches  against 
Salmonella  choleraesuis.  One  of  these 
batches,  aged  to  represent  a  60-day  shelfilfe 
stability  study,  must  also  be  tested  with  30 
replicates  on  duplicate  samples  against  S. 
choleraesuis.  The  <x>nfidence  level  require¬ 
ments  are  the  same  as  those  described  for  in¬ 
stitutional  disinfectants. 

DISINFECTANT  CLAIMS  AGAINST  OTHER  MICRO¬ 
ORGANISMS  (LIQUID  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Use-dilution— 
official  final  action.  Pages  61-64  in  Offi¬ 
cial  Methods  of  Analysis  of  the  Associ¬ 
ation  of  Official  Analytical  Chemists.  11th 
ed.  Association  of  Offlcal  Analytical  Chem¬ 
ists,  Washington,  D.C. 

Claims  for  effectiveness  against  specific 
microorganisms  other  than  those  named  In 
the  AOAC  Use-Dilution  Method  can  be  ac¬ 
cepted  only  when  supported  by  efficacy  data 
derived  from  10  replicates  on  1  batch 
against  each  microorganism  claimed.  The 
product  must  be  effective  in  disinfecting 
each  set  of  10  replicates.  Data  must  be  de¬ 
veloped  to  show  that  the  other  microorga¬ 
nisms  tested  will  survive  the  carrier  drying 
step  utilized  in  the  referenced  tests. 

DISINFECTANT  CLAIMS  AGAINST  OTHER  MICRO¬ 
ORGANISMS  (SPRAT  PRODUCTS) 

Horowitz,  William,  ed.  1970.  Germicidal 
spray  products— official  final  action.  Pages 
68-71  In  Official  Methcxls  of  the  Associa¬ 
tion  of  Official  Analytical  Chemists,  11th 
ed.  Association  of  Official  Analytical  Chem¬ 
ists,  Washington,  D.C. 

Claims  for  effectiveness  against  specific 
microorganisms  other  than  those  named  In 
AOAC  Germicidal  Spray  Products  Method 
can  be  accepted  only  when  supported  by 
efficacy  data  derived  from  10  replicates  on  1 
batch  against  each  microorganism  claimed. 
The  prcxluct  must  be  effective  in  disinfect¬ 
ing  each  set  of  10  replicates.  Data  must  be 
developed  to  show  that  the  other  micro¬ 
organisms  tested  will  survive  the  carrier  dry¬ 
ing  step  utilized  in  the  referenced  test. 

FUNGICmES  (PATHOGENIC  TO  MAN  AND 
ANIMALS) 

Horowitz,  William,  ed.  1970.  Fungicidal 
tests— official  final  action.  Pages  65-66  In 
Official  Methods  of  Analysis  of  the  Asso¬ 
ciation  of  Official  Analytical  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

Claims  against  specific  pathogenic  fungi 
must  be  supported  with  efficacy  data  derived 
from  duplicate  samples  of  1  batch  using  the 
AOAC  Fungicidal  Test.  The  highest  dUu- 
tlon  that  kills  the  fungal  spores  within  10 
min  Is  (»>n8ldered  the  highest  dilution  that 
could  be  expected  to  disinfect  inanimate 
surfaces  contaminated  with  pathogenic 
fungi. 


SANITIZING  RINSES  (HALOGENS) 

Horowitz,  William,  ed.  1970.  Available  chlo¬ 
rine  germicidal  equivalent  concentra¬ 
tion-official  final  action.  Pages  63-64  in 
Official  Methods  of  Analysis  of  the  Asso¬ 
ciation  of  Official  Analytical  Chemists, 
11th  ed.  Association  of  Official  Analytical 
Chemists,  Washington,  D.C. 

Sanitizing  rinse  clalnu  for  iodophors, 
mixed  halides  and  chlorine-bearing  chemi¬ 
cals  must  be  substantiated  with  efficacy 
data  derived  by  the  Available  Chlorine 
Germicidal  Equivalent  Concentration  Meth¬ 
od.  Data  from  1  test  on  each  of  3  samples 
representing  3  different  batches,  showing 
the  concentrations  of  the  product  equiva¬ 
lent  In  activity  to  the  reference  standards 
of  50,  100  and  200  ppm  of  available  chlo¬ 
rine  as  sodium  hypochlorite,  against  Sal¬ 
monella  typhosa  are  required.  Data  from 
duplicate  samples  of  1  of  these  batches, 
representing  a  60-day  shelfilfe  stability 
study,  showing  concentrations  of  the  prod¬ 
uct  equivalent  In  activity  to  the  3  reference 
standards  must  be  furnished.  Chemical  anal¬ 
yses  may  be  substituted  for  biological  test¬ 
ing  on  the  60-day  sample. 

SANiriZING  RINSES — FOOD  CONTACT  SURFACES 
(APPLICABLE  CHLORINE  GERMICIDAL  EQUIVA¬ 
LENT  CONCENTRATION  NOT  AVAILABLE) 

Horowitz,  William,  ed.  1970.  Germicidal  and 
detergent  sanitizers — official  final  action. 
Pages  66-68  In  Official  Methods  of  Analysis 
of  the  Association  of  Official  Analytical 
Chemists,  11th  ed.  Association  of  Official 
Analytical  Cfiiemlsts,  Washington,  D.C. 

Sanitizing  rinse  claims  for  quaternary  am¬ 
monium  compounds,  chlorinated  trisiidium 
phosphate  and  anionic  detergent-acid  for¬ 
mulations  must  be  substantiated  with  ef¬ 
ficacy  data  derived  by  the  AOAC  Germicidal 
and  Detergent  Sanitizers  Method.  Data  from 
1  test  on  each  of  3  different  batches  against 
both  Escherichia  coll  and  Staphylococcus  au¬ 
reus  are  required,  along  with  data  from  du- 
pli(»te  samples  of  1  of  these  batches  repre¬ 
senting  a  60-day  shelfilfe  stability  study 
against  E.  coll.  When  claims  for  the  effec¬ 
tiveness  of  the  product  In  hard  water  are 
made,  data  derived  from  tests  on  duplicate 
samples  of  1  batch  against  both  E.  coll  and  S. 
aureus  are  required  at  the  hard  water  toler¬ 
ance  claimed.  The  efficacy  data  must  show  a 
99.999  percent  reduction  in  the  count  of 
number  of  organisms  within  30  sec  for  a 
product  to  be  acceptable  as  a  sanitizing  rinse. 

SANITEZINO  RINSES — NONFOOD  CONTACT  SUR¬ 
FACES  (PREPARED  BT  REGISTRATION  DIVISION, 
OFFICE  OF  PESTICIDE  PROGRAMS,  EPA,  1972) 

To  substantiate  the  sanitizing  claims  for  a 
product,  the  applicant  must  submit  data 
prior  to  registration  to  show  that  the  prod¬ 
uct,  when  used  as  directed,  will  substantially 
reduce  the  numbers  of  test  microorganisms 
on  a  treated  surface  over  that  on  an  un¬ 
treated  control  surface.  The  following  proto¬ 
col  may  be  utilized : 

Product  samples  representing  3  different 
preparations  must  be  tested  against  each  test 
bacterium  on  each  representative  surface  de. 
pending  on  the  uses  proposed  on  the  label. 
In  addition,  1  sample  preparation  represent¬ 
ing  a  60-day  shelfilfe  stability  study  must  be 
tested  in  duplicate  using  1  test  bacterium. 
The  test  microorganisms  may  be  Staphylococ¬ 
cus  aureus  ATCC  6538  and  Klebsiella  pneu¬ 
moniae,  aberrant,  ATCC  4352;  Enterobacter 
aerogenes  ATCC  13048  may  be  substituted  for 
K.  pneumoniae.  Representative  test  surfaces 
may  Include,  but  are  not  limited  to,  glass, 
metal,  unglazed  or  glazed  ceramic  tile,  or 
vitreous  china.  The  propagation  of  cultures 
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and  the  use  subculture  media  and  other 
related  equipment  should  be  as  specified  in 
sec.  4.001  and  4.002  of  the  current  AOAC 
Manual  of  Methods,  1070. 

Determine  the  count  of  bacteria  In  an  18- 
to  24-hr  broth  culture  and  add  a  0.01  to 
0.03  ml  quantity  of  the  broth  culture  by 
spreading  on  1  x  1  In.  sq  of  test  surface  using 
a  bacteriological  loop.  The  squares  should  be 
dried  fm*  20-to-30  min  In  a  bacteriological 
Incubator  at  30  to  S7*C.  A  “zero  time"  bac¬ 
terial  numbers  recovery  test  must  be  per¬ 
formed  to  show  the  efficiency  of  the  recovery 
process  and  must  be  reported.  The  “zero 
time"  test  should  show  the  loss  In  viability 
that  occurred  during  the  drying.  Apply  the 
product  to  the  test  sTirface  as  directed  on 
the  label.  Rim  parallel  tests  on  the  formula¬ 
tion  with  active  Ingredient(s)  omitted  In  an 
Identical  manner  to  serve  as  the  controls. 
After  a  suitable  time  Interval,  recover  test 
cvganlsms  by  washing  the  squares  with  ade¬ 
quate  agitation  In  appropriate  media  or 
diluting  fiuid  containing  appropriate  neu¬ 
tralizers.  Make  plate  counts  on  appropriate 
nutrient  agar  containing  the  same  neutral¬ 
ism  by  the  pour  or  spread  plate  technique. 
Elxposure  time  Intervals  between  zero  time 
and  10  min  should  be  tested  for  the  product 
as  well  as  for  the  untreated  controls. 

The  results  must  show  a  bacterial  reduc¬ 
tion  of  at  least  99.9  percent  over  the  parallel 
control  coimt  within  5  min.  Three  replicates 
of  each  test  surface  with  each  test  micro¬ 
organism  must  be  tested  against  each  sample 
for  a  total  of  9  determinations  with  each 
bacterium.  The  60-day  shelfiife  study  should 
be  carried  out  with  2  replicates  of  each  test 
surface  against  1  test  bacterium. 

Reference 

Horowitz,  William,  ed.  1970.  Official  Methods 
of  Analysis  of  the  Association  of  Official 
Analytical  Chemists,  11th  ed.  Association 
of  Official  Analytical  Chemists,  Washing¬ 
ton,  D.C. 

BUG  AMO  CABPET  SAMITIZKBS  OT  BACTEBIOSTATS 
(TENTATIVX  MXTHOD  FBEPABXD  BT  BEGISTBA- 
TZON  DIVISION,  OmCB  OT  PBSTKIOE  PBO- 
GBAMS,  EPA.  1»T1) 

Equipment — 1.  Cccrpet  mounting  board. 
Mount  a  piece  of  tempered  hardboard, 

with  tempered  suiface  up.  on  a  16  z  16-in. 
base  of  %-ln.  thick  marine  plywood,  with 
%-ln.  brads. 

2.  Cutting  equipment.  2  z  2-in.  sq  of  -Ifi- 
acrylic  plastic  as  templates  with  ^-In. 
holes  In  the  center  and  1  sharp  knife  with 
a  replaceable  blade. 

3.  Scrub  brushes.  1%  x  3^-in.  surgical 
hand  brush  with  %-ln.  nylon  bristles. 

4.  Extraction  bottles.  8-oz,  widemouth, 
round  polypropylene  bottles  with  screw  caps 
(Nalgene  2105  or  equivalent)  containing  10 
stainless  steel  penicillin  cylinders  and  100  ml 
of  aj^ropriate  neutralizer  broth.  (Similar 
style  glass  bottles  may  be  used,  but  care  must 
be  taken  to  prevent  breakage  during  shak¬ 
ing.)  For  phenolic  based  carpet  sanltizm, 
use  AOAC  nutrient  broth  with  double 
strength  letheen  neutralizer  (AOAC  letheen 
broth  plus  an  additional  0.7  g  Lecithin  and 
S  g  Tween  80  per  liter.) 

5.  Spray  device.  Adjustable  spray  atomizer 
modified  to  feed  from  a  calibrated  test  tube 
or  bottle.  (A  Model  15,  DeVllblss  atomizer  on 
a  2-oe  bottle  graduated  with  10  ml  marks  may 
be  used.) 

6.  Carpet.  See  "Special  Registration  Pro- 
tocoL” 

Test^ultures  and  Media — 1.  Test  bacteria. 
Staphytocoeeus  aureus,  ATOC  6538,  and  Cn- 
terobacter  aerogenes.  ATCC  13048. 

S.  Doubtestrengthneutralieer  broth.  AOAC 
letheen  broth  with  an  additional  0.7  g  Leci¬ 
thin  and  5  g  Tween  80  per  liter  or  0.1  per¬ 
cent  sodium  thioglycollate  and  0.01  percent 


Isooctylphenozypolyethozyethanol  In  pH  7.2 
phosphate  buffer. 

3.  Neutralizer  plate  count  agar.  Standard 
methods  agar  (Tryptone  Glucose  Extract 
Agar)  to  which  Is  added  0.7  Lecithin  and  5 
g  Tween  80  per  liter. 

Bacterial  Inoculum.  Prepare  8-oz  French 
square  culture  bottles  with  nutrient  agar  b 
(AOAC,  1970,  sec.  4.023(a) ,  (2) ) .  Prepare  cul¬ 
ture  suspensions  for  Inoculation  (AOAC,  1970, 
sec.  4.026).  Dilute  the  standardized  suspen¬ 
sion  in  phosphate  buffer  dilution  water  to 
obtain  a  stock  inoculum  suspension  contain¬ 
ing  10  z  10*  organisms  peruml  (AOAC,  1970, 
sec.  4.023(f)). 

Procedure.  1.  Cut  the  carpet  into  8  x  12-in. 
pieces  and,  with  aid  of  2  z  2-in.  template,  cut 
2  rows  of  3  squares  per  row  from  the  backing 
side  cd  the  carpet  leaving  at  least  4  in.  be¬ 
tween  the  center  of  each  square.  The  test 
squares  may  be  completely  cut  free,  or  a  pre¬ 
ferred  method  is  to  leave  about  %  of  an  In. 
of  backing  Intact  at  each  comer  of  each  cut 
square  so  that  the  entire  piece  of  carpeting 
can  be  sterilized  and  inoculated  without  sep¬ 
aration.  Mark  In  the  center  pf  each  test 
square  with  a  waterproof  marking  pen  to  aid 
in  Inoculating  the  pile  surfaces.  Cover  sur¬ 
face  cd  carpeting  with  aluminum  foil  and  fold 
over  edges  to  secure.  Steam-sterlllze  and  dry. 
Foil  will  prevent  contamination  of  controls 
during  spraying.  Only  carpet  that  has  been 
determined  to  be  free  of  residual  antimicro¬ 
bials  on  the  pile  or  backing  surfaces,  follow¬ 
ing  autoclaving  by  a  zone  of  Inhibition  over¬ 
lay  technique,  should  be  used. 

2.  Prepare  a  standardized  stock  bacterial 
suspension  by  washing  the  24  hr  growth  from 
nutrient  agar  b  bottles  and  adjust  to  a  den¬ 
sity  of  10  z  10*  organisms  per  ml  with  phos¬ 
phate  buffer.  Dilute  the  stock  suspension 
with  phosphate  buffer  containing  0.01  per¬ 
cent  Isooctylphenozypolyethoxyethanol  to  a 
concentration  of  1.0  z  10^  organisms  per  ml. 
Inoculate  the  previously  marked  center'  of 
each  square  with  0.1  ml  of  bacterial  suspen¬ 
sion.  (Retain  bacterial  suspension  for  deter¬ 
mination  of  Inoculation  numbers.)  Dry  Inoc¬ 
ulated  carpet  In  a  warm  incubator  at  36*  C 
for  60  min  with  the  foil  wrap  loosely  In  place. 
The  scmbblng  procedure  should  be  conducted 
in  a  biological  hood  or  in  a  glove  boz.  A  sim¬ 
ple  safety  chamber  can  be  constructed  from  a 
large  plastic  bag. 

3.  Condition  brushes  by  Immersing  the 
bristles  in  separate  containers  (160-mm  glass 
petrl  dishes  or  equivalent)  of  diluted  test 
solution  and  a  contrcri  solution  without  the 
active  agent  for  15  min.  (If  a  (xmtrol  solu¬ 
tion  Is  not  available,  use  storlle  distilled  wa¬ 
ter  containing  0.01  percent  isooctylphenozy- 
polyethoxyetham^.)  Fasten  2  pieces  of  Inocu¬ 
lated  carpet  containing  12  test  squares  onto 
a  mounting  board  by  nailing  each  corner 
with  upholsterer’s  tacks  with  the  foil  wraqi- 
plng  positioned  so  as  to  protect  the  controls 
during  the  scrubbing  treatment.  Place  board 
In  a  safety  hood. 

4.  Apply  the  portion  of  the  predetermined 
amount  of  test  solution  at  a  temperature  of 
25*  C  uniformly  to  1  piece  of  carpeting  con¬ 
taining  6  spots  of  dried  bacterial  Inoculum. 
Apply  liquids  by  metered  spray.  The  hand 
brush  dipped  into  the  solution  no  more  than 
6  times  will  deHver  about  15  ml  of  solution. 
Do  not  exceed  this  amount.  Spray  liquid  on 
rug  in  the  amount  over  and  above  15  ml 
needed  to  yield  a  99.9  percent  reduction  or  In 
the  amount  that  equals  the  recommended 
liquid  application  rate  per  square  area  of  rug. 
Record  the  total  volume  of  Mquld  applied  by 
spray  and  brush.  Solids  may  be  applied  by 
dusting.  In  case,  record  the  weight  of 
product  applied.  Shake  excess  test  solution 
from  conditioned  brush  and  transfer  to  a 
dish  containing  100  ml  of  test  solution.  Dip 
bristles  of  brush  and  transfer  amount  of 
retained  test  solution  to  a  spot  on  the  carpet. 
Scrub  the  spot  for  30  sec.  using  30  circular 


clockwise  strokes  and  30  circular  counter¬ 
clockwise  strokes.  A  circular  area  of  pile  ap¬ 
proximately  3  In.  In  diameter  around  each 
spot  should  be  covered  by  this  treatment. 
Moderate  to  heavy  pressure  should  be  applied 
downward  on  the  brush  to  work  the  solution 
to  the  base  of  the  pile.  Repeat  dipping  of 
brush  into  test  solution  and  scrubbing  proce¬ 
dure  until  each  of  the  6  spots  is  treated.  Al¬ 
low  the  treated  carpet  to  remain  at  room 
temperature  for  60  min.  for  partial  drying 
of  treated  areas. 

5.  While  the  carpet  treated  with  test  solu¬ 
tion  is  drying,  spray  on  an  amount  of  non- 
active  control  solution  equivalent  to  the  sur¬ 
face  area  onto  3  of  the  spots  of  dried  Inocu¬ 
lum  on  the  control  carpet.  The  remaining  3 
spots  are  unscrubbed  controls  to  determine 
reduction  in  Inoculation  numbers  due  to  dry¬ 
ing.  Care  should  be  taken  not  to  wet  or  scrub 
over  the  unscrubbed  control  area.  Scrub  the 
3  wet  spots  In  the  same  manner  as  test  carpet. 
Allow  the  scrubbed  controls  to  dry  60  min. 
at  room  conditions  as  for  test  pieces. 

6.  Following  the  60-mln.  reaction  period, 
cut  each  2  x  2-in.  test  piece  free  with  fiamed 
forceps  and  knife.  Transfer  each  2  z  2-in. 
piece  of  carpeting  to  a  separate  extraction 
bottle  of  neutralizer  Imith.  Shake  each  ex¬ 
traction  bottle  vigorously  for  a  minimum  of 
1  min.  to  free  viable  organisms  from  the 
carpet  fibers.  Determine  the  number  of 
viable  organisms  In  each  sample  bottle  by 
plating  duplicate  dilutions  in  standard  meth¬ 
ods  agar  with  appropriate  neutralizer.  Deter¬ 
mine  the  number  of  viable  organisms  In  0.1 
ml  of  the  bacterial  suspension  used  for  In¬ 
oculating  the  carpet.  Incubate  bQ  broth  ex¬ 
traction  bottles  to  determine  germicidal  or 
inccanplete  neutralization  of  the  test  carpet. 

7.  Determine  the  percent  reduction  of  vi¬ 
able  organtsms  by  the  treatment  method  by 
comparing  the  number  of  surviving  orga¬ 
nisms  of  the  treated  sample  against  the  aver¬ 
age  viable  count  of  the  scrubbed  control 
sample.  A  count  of  1.0  z  10*  organisms  per 
ml  from  the  extracted  unscrubbed  control 
spots  Is  necessary  for  a  valid  test. 

Special  Registration  Protocols.  The  follow¬ 
ing  protocols  must  be  used  to  derive  data  to 
support  the  registration  of  a  carpet  sanitizer. 

1.  Three  product  samples  representing  3 
separate  preparations  must  be  tested  against 
each  of  the  2  bacteria  specified  In  the 
method  with  2  different  types  of  carpet.  A 
90.9  po'cent  reduction  of  test  bacteria  over 
the  control  count  must  be  demonstrated  In 
each  case.  If  the  product  is  Intended  for  use 
on  commercial  grade  carpeting.  2  representa¬ 
tive  carpets  such  as  “acrylic”  and  “poly¬ 
propylene”  tufted-loop  type  may  be  tested. 
No  carpeting  is  available  to  serve  as  a 
standard.  If  the  product  Is  Intended  for  use 
on  wool  carpeting,  an  additional  representa¬ 
tive  samj^e  must  be  tested.  If  not,  the  label 
must  bear  a  disclaimer  for  such  use.  All 
carpet  samples  tested  must  be  fully  identi¬ 
fied,  and  the  pUe  fiber  type,  pile  yam  weight 
of  finished  carpet,  pile  density  and  tuft 
height  reported.  Adequate  controls  must 
demonstrate  that  bacteriostatic  agents  in  the 
carjjet  pile  or  backing  do  not  Interfere  with 
the  test  results. 

2.  One  sample  preparation  representing  a 
60-day  shelfiife  stability  study  must  be 
tested  with  1  carpet  sample  and  1  test 
bacterium. 

The  amount  of  sanitizer  applied  to  a  piece 
of  carpet  must  be  extrapolated  to  gallons  of 
diluted  shxunpoo  to  square  f^t  of  carpet  and 
this  must  be  declared  on  the  proposed  label. 
In  general  this  woidd  be  12  gal  of  dilute 
product  to  800  to  1200  sq  ft  of  carpet.  If  the 
application  Is  Intended  for  hospitals,  a  wet 
vacuum  pickup  must  be  spedfled  In  the  label 
directions.  In  no  case  will  the  so-called  “dry 
shampoo  treatment"  be  considered  for 
hospital  use. 
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Horowitz,  William,  ed.  1970.  Official  Methods 
of  Analysis  of  the  Association  of  Official 
Analytical  Chemists.  11th  ed.  Association 
of  Official  Analytical  Chemists,  Washing¬ 
ton,  D.C. 

SANITIZERS — FABHICS  AND  TZ:XTn.ES 

Petroccl,  A.  N.,  and  Paul  Clarke.  1969.  Pro¬ 
posed  test  method  for  antimicrobial  addi¬ 
tives.  J.  AOAC  62:  836-842. 

For  products  bearing  sanitizing  claims,  the 
method  of  Petroccl  and  Clarke  may  be  em¬ 
ployed  to  provide  efficacy  data  to  support 
registration,  since  no  official  test  method  Is 
available.  The  test  may  be  carried  out  In  a 
washing  machine  In  lieu  of  the  Petroccl  and 
Clarke  method.  However,  If  a  washing  ma¬ 
chine  Is  used  the  general  protocols,  propaga¬ 
tion  of  cultures,  fabric  to  water  ratios,  test 
materials,  water  temperatures  and  subcul¬ 
ture  media  must  be  the  same  as  specified  In 
the  Petroccl  and  Clarke  method. 

The  test  organisms  are  klebslella  pneu¬ 
moniae,  ATCC  4352  and  Staphylococcus 
aureus,  ATCC  6538.  Tests  must  be  con¬ 
ducted  with  8  samples  representing  3  prod¬ 
uct  preparations,  each  sample  tested  with  3 
replicate  fabric  swatches  against  the  2  test 
organisms  specified.  One  sample  represent¬ 
ing  a  60-day  shelfilfe  stability  study  must  be 
tested  In  duplicate  against  S.  aureus.  A  99.9 
percent  reduction  within  10  min  must  be 
demonstrated  over  the  control  counts. 

Ant  SANlTIZEItS  AND  DEODORIZERS  (TENTATIVE 
METHOD  PREPARED  BT  REGISTRATION  DIVI¬ 
SION,  OFFICE  OF  PESTICIDE  PROGRAMS,  EPA, 
1972) 

No  Standard  method  for  evaluating  air 
sanitizer  claims  has  been  adopted.  Several 
Investigators  have  shown  that  the  Incorpora¬ 
tion  of  glycols  (triethylene,  propylene  or  dl- 
propylene  glycol)  In  pressurized  formula¬ 
tions  at  concentrations  of  6-to-lO  percent 
significantly  reduce  airborne  bacteria  when 
adequate  vapor  concentrations  are  achieved. 
Air  sanitizing  products  that  do  not  contain 
such  concentrations  of  glycols  must  be  eval¬ 
uated  by  a  room  or  chamber  technique.  The 
primary  test  organism  Is  Staphylococcus  au¬ 
reus.  Depending  on  the  Intended  use  pattern, 
other  organisms,  such  as  Salmonella  or  Pseu¬ 
domonas,  may  also  be  used  to  provide  efficacy 
data.  The  results  must  show  a  bacterial  re¬ 
duction  of  at  least  99.9  percent  over  the 
parallel  control  count  within  6  min. 

BELY**  SAI'finZER  S 

(Tentative  method  prepared  by  Registration 
Division,  Office  of  Pesticide  Programs,  EPA, 
1972) 

To  substantiate  self-sanltlzlng  claims  for 
a  product,  the  applicant  must  submit  data 
prior  to  registration  to  show  that  the  prcxluot 
when  used  as  directed  will  substantially  re¬ 
duce  the  numbers  of  test  mlcr(X>rganisms  on 
treated  representative  surfaces  when  com¬ 
pared  to  the  numbers  of  microorganisms  on 
control  surfaces  which  have  been  treated 
with  the  same  product  without  the  active 
Ingredient. 

Three  product  samples  representing  3  dif¬ 
ferent  preparations  must  be  tested  against 
each  test  bacterium  on  at  least  6  replicates 
of  each  representative  surface  for  which  the 
product  Is  Intended  for  use.  In  addition,  1 
sample  preparation  representing  a  60-day 
Bhelfllfe  stability  study  must  be  tested  In 
duplicate  using  l  test  bacterium  on  at  least 
6  replicates  of  each  representative  surface  to 
be  treated.  The  test  microorganisms  may  be 
Staphylococcus  aureus,  ATCC  6638,  and  Kleb¬ 
siella  pneumoniae,  aberrant,  ATCC  4352;  En- 
terobacter  aerogenes,  ATCC  13048,  may  be 
substituted  for  K.  pneumonUie.  Representa¬ 
tive  test  surfaces  may  Include,  but  are  not 


limited  to,  glass,  metal,  unglazed  or  glazed 
ceramic  title,  vitreous  china,  or  wooden  floor¬ 
ing  depending  on  the  uses  proposed  on  the 
labels.  The  propagation  of  cultures  and  the 
use  of  subculture  media  and  other  related 
equipment  should  be  as  specified  In  sec.  4.001 
and  4.002  of  the  current  AOAC  Manual  of 
Methods. 

Apply  the  product  to  the  control  and  test 
surfaces  as  directed  on  the  label,  allowing 
for  complete  drying  of  the  surfaces.  Deter¬ 
mine  the  count  of  bacteria  In  a  48-hr  broth 
culture  and  add  a  0.01  to  0.03  ml  quantity 
of  the  broth  culture  by  spreading  on  1  x  1 
In.  sq  of  each  test  surface  using  a  bacterio¬ 
logical  loop.  The  squares  should  be  dried  for 
20-to-30  min  In  a  bacteriological  Incubator  at 
80  to  37*C.  A  "zero  time”  bacterial  numbers 
recovery  test  must  be  performed  to  show  the 
efficiency  of  the  recovery  process  and  must  be 
reported.  The  “zero  time”  test  should  show 
the  loss  In  viability  that  occurred  during  the 
drying.  A  mlnlmiun  count  of  1  z  lO*  orga¬ 
nisms  per  test  surface  must  be  recovered 
after  drying  for  the  test  to  be  considered 
valid. 

After  a  suitable  time  Interval  recover  test 
organisms  by  washing  the  squares  with  ade¬ 
quate  agitation  In  appropriate  media  or  di¬ 
luting  fluid  containing  appropriate  neutral¬ 
izers.  The  neutralizers  selected  must  be  Iden¬ 
tified  and  shown  to  be  effective.  Make  plate 
counts  on  appropriate  nutrient  agar  (xin- 
talning  the  same  neutralizers  by  the  pour  or 
spread  plate  technique.  Exposure  time  Inter¬ 
vals  between  zero  time,  30  min,  1  hr,  3  hr 
and  6  hr  should  be  tested  and  reported  for 
each  surface  treated  with  the  product,  as 
well  as  for  each  of  the  (xintrols. 

The  results  must  show  a  bacterial  reduc¬ 
tion  of  at  least  99.9  percent  over  the  parallel 
(x>ntrol  (x>unt  within  3  hr  to  demonstrate 
any  practl<»l  value. 

Reference 

Horowitz,  William,  ed.  1970.  Official  Methods 
of  Analysis  of  the  A88(xdatlon  of  Official 
Analytical  Chemists,  11th  ed.  Association 
of  Official  Analytical  Chemists,  Washing¬ 
ton.  D.C. 

BACTERIOSTATS — TEXnU!  PRESERVATIVES 

American  Association  of  Textile  Chemists  and 
Colorists.  1968.  Antibacterial  activity  of 
fabrics,  detection  of:  agar  plate  method, 
test  method  AATCO — 90 — 1965.  Pages  B- 
175-B-170  In  Technical  Manual  of  the 
American  Assodatkm  of  Textile  Chemists 
and  Colorists,  vol.  44,  Research  Triangle 
Park,  N.C. 

American  Association  of  Textile  Chemists  and 
Colorists.  1968.  Antibacterial  finishes  on 
fabrics,  evaluation  of,  test  method,  AATOC 
100 — 1966.  Pages  B-176-178  In  Technical 
Manual  of  the  American  Association  of 
Textile  (Themlsts  and  Colorists,  Research 
Triangle  Park,  N.C. 

Methods  presin'lbed  by  the  American  As¬ 
sociation  of  Textile  Colorists  and  Chemists 
Involving  agar  plates  or  liquid  culture  media 
may  be  employed  to  support  residual  bac¬ 
teriostatic  claims  In  the  presence  of  moisture. 

RESIDUAL  BACTTERIOSTATS — ^LAUNDRY  ADDITIVES 

Howorltz,  William,  ed.  1972.  Bacteriostatic 
activity  of  laundry  additives — official  first 
action.  Pages  400-403  In  2nd  supplement  to 
11th  ed.  Official  Methods  of  Analysis  of 
Association  of  Official  Analytical  Chemists 
(Reprinted  from  J.  AOAC  56  (2) ) . 

Three  samples  representing  3  product 
preparations  are  tested,  with  6,  1-ln.  sq 
treated  swatches  against  Staphylococcus 
aureus  ATCC  6538  and  Klebsiella  pneumo¬ 
niae,  aberrant,  ATCC  4352  on  seeded  agar  for 
each  sample.  Duplicate  samples  of  1  prepara¬ 
tion  representing  60-day  shelfilfe  stability 
must  be  tested  with  6  replicate  fabric 


swatches  on  agar  seeded  with  S.  aureus. 
Score  zone  of  Inhibition  along  single  side 
of  square  test  fabric  samples  as  1,  so  that 
for  5-repllcate  plate  test,  a  score  of  20  shows 
that  bacterlostasls  occurs  along  all  4  sides 
of  each  sample.  Effective  demonstration  of 
residual  bacteriostatic  activity  requires  a 
zone  of  Inhibition  In  18  out  of  20  sides. 

PHENOL  COEFFICIENT 

Horowitz,  William,  ed.  1970.  Phenol  coeffi¬ 
cient — official  final  actlcm.  Pages  69-61  In 
Official  Methods  of  Analysis  of  the  Asso¬ 
ciation  of  Official  Analytical  Chemists,  11th 
ed.  Association  of  Official  Analytical  Chem¬ 
ists,  Washington,  D.C. 

Any  phenol  coefficient  claim  requires  test¬ 
ing  by  the  AOAC  Phenol  Coefficient  Method 
In  duplicate  on  1  preparation  against  Sal¬ 
monella  typhosa.  Where  a  phenol  coefficient 
is  declared  against  any  other  bacterium,  the 
test  also  must  be  run  against  each  bacterium 
named. 

MTCOBACTTERIUM  TUBERCULOSIS 

Horowitz,  William,  ed.  1970.  Tuberculocldal 
activity — official  final  action.  Pages  71-72  in 
Official  Methcxls  of  Analysis  of  the  Associa¬ 
tion  of  Official  Analytical  Chemists,  11th 
ed.  Association  of  Official  Analytical  Chem¬ 
ists,  Washington,  D.C. 

Claims  against  Mycobacterium  tuberculo¬ 
sis  must  be  substantiated  with  efficacy  data 
derived  from  the  AOAC  Tuberculocldal  Activ¬ 
ity  Method  on  1  preparation  of  the  product 
(liquid)  xmder  test.  If  the  product  Is  a  spray, 
the  procedure  must  be  modified  to  conform 
with  the  AOAC  Germicidal  Spray  Product 
Methcxl  using  the  media,  mlcr(x>rganlsms, 
etc.,  described  In  the  AOAC  Tuberculocldal 
Activity  Method. 
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Part  IV — ^PROcuimoN  Performance 
SUBPART  B. — ^AQUATIC  PEST  CONTROL  AGENTS 

ANTIMICROBIALS :  SWIMMING  POOLS  AND 
HUMAN  DRINKING  WATER  SYSTEMS 

Horowitz,  William,  ed.  1970.  Water  disin¬ 
fectants  for  swimming  pools— official  final 
action.  Pages  68-71  In  Official  Methods  of 
Analysis  of  the  Association  of  Official  Ana¬ 
lytical  Chemists,  11th  ed.  Association  of 
Analytical  Chemists,  Washington,  D.C. 

The  AOAC  Water  Disinfectants  for  Swim¬ 
ming  Pools  Test  is  used  as  the  basis  for  sub¬ 
stantiating  pool  water  disinfectant  claims 
and/or  claims  for  the  disinfection  of  drink¬ 
ing  water.  For  each  claim,  the  test  is  con¬ 
ducted  with  8  different  batches  of  the  pesti¬ 
cide  product  against  both  Escherichia  coli 
and  Streptococcus  faecalis.  Also,  data  from 
duplicate  samples  of  1  batch  of  the  pesticide 
product  aged  to  represent  60-day  shelf-life 
stability  tested  against  E.  coli  must  be  de¬ 
termined. 

These  data  requirements  do  not  apply  to 
simple  pesticide  formulations  of  sodium  (cal¬ 
cium)  hypochlorite,  sodium  (potassium)  dis- 
chloro-s-triazinetrlone,  or  trlchloro-s-trl- 
azinetrione  Intended  for  use  in  swimming 
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pool  water,  or  to  sodium  (calcium)  hirpo- 
chlorlte  in  well  water,  when  adequate  and 
appropriate  directions  for  water  maintenance 
are  prorided  on  the  product  label.  (The  other 
chlorine-releasing  chemicals  specified  can¬ 
not  be  used  for  drinking  water.)  These  or 
other  pesticidal  chemicals,  which  are  pro¬ 
posed  for  use  In  treatments  of  raw  waters 
that  can  be  expected  to  contain  significant 
quantities  of  organic  substances  or  which 
claim  effectiveness  against  bacteria  or  other 
organisms  other  than  those  named  above, 
wlli  require  testing  by  procedures  other  than 
those  set  forth  above  or  by  appropriate 
modifications  of  the  AOAC  test.  Specific 
modifications  will  relate  to  and  be  contingent 
on  label  claims  and  use  patterns. 

FISH  TOXICANTS,  REPELLENTS  AND  REPRODUCTIVE 
INHIBITORS 

A  review  of  the  needs  to  control  fish  and 
the  possible  physical,  biological  and  chemical 
controls  has  been  published  by  Lennon 
( 1970) .  More  sjieclflc  reviews  on  fish  toxicants 
and  the  information  necessary  for  registra¬ 
tion  of  a  product  have  also  been  published 
(Lennon  et  al..  1970  and  Schnick,  1972) .  (See 
also  Part  vn.  Hazard  Evaluation,  Subpart  B. 
Aquatic  Toxicology.) 
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FISH  TOXICANTS 

Laboratory  Studies.  In  the  early  testing  of 
a  potential  plsciclde,  the  toxicity  is  deter¬ 
mined  by  toxicity  test.  Accepted  guidelines 
for  aquatic  toxicity  testing  are  published 
Jointly  by  the  American  Public  Health  Asso¬ 
ciation.  the  American  Water  Works  Associa¬ 
tion  and  the  Water  Pollution  Control  Federa- 
ti<m  (1971).  These  methods  have  been  care¬ 
fully  thought  out,  tested  and  revised  fre¬ 
quently  over  the  past  50  yr,  deviations  from 
these  methods  should  not  be  made  unless 
there  Is  considerable  reason  to  do  so.  Until 
fairly  recently  the  static  toxicity  test  was  the 
only  technique  considered,  but  now  flow 
through  toxicity  tests  are  the  preferred 
method.  The  latter  method  affords  less  dlf- 
flculty  in  maintaining  an  adequate  supply 
of  dissolved  oxygen,  permitting  only  low 
metabolite  accumulation  for  the  test  animals, 
and  greater  ability  to  maintain  constant  toxi¬ 
cant  concentrations  and  constant  water  tem¬ 
peratures  (Sprague,  1969;  Slnley,  1973a). 
Continuous-flow  bloassays  require  more 
equipment,  but  trouble-free  equipment  has 
been  designed  (Mount  and  Brungs,  1967; 
Sprague,  1969;  Slnley,  1973b) .  A  labor-saving 
Jar  rinser.  Jar  emptier  and  automatic  liquid 
measuring  vessel  have  been  described  for 
static  bioassay  (Hesselberg  and  Burress, 
1967). 

The  referenced  methods  suggest  using  the 
reoHvlng  water  as  the  diluent,  but  in  prelimi¬ 
nary  testing  of  a  plsciclde  this  requirement 
arould  not  be  necessary.  However,  the  re¬ 
searcher  should  consider  the  effect  of  water 
quality  on  fish  health  and  on  the  toxicity 
of  the  piselclde  being  tested  so  that  mislead¬ 
ing  results  will  not  be  obtained  (Doudoroff, 
1957;  Doudoroff  and  Katz,  1950  and  1953; 
Hoar  and  Randall.  1971;  Appelgate  and  King, 
1962;  Ronlm  and  Slonim,  1973;  Murphy. 
1970).  Factors  that  should  be  considered  in 
laboratmr  testing  are  listed  below. 


1.  Because  temperature  win  have  an  im¬ 
portant  effect,  toxicity  tests  should  be  con¬ 
ducted  at  several  different  temperatures 
(Macek  et  al..  1969) . 

2.  All  the  flsh  for  a  given  trial  should  be 
obtained  from  the  same  source  because  some 
strains  of  flsh  show  resistance  to  vartous 
chemicals  (Dziak  and  Plapp,  1973;  Ferguson 
and  Bingham,  1966) . 

3.  Although  all  life  stages  of  the  flsh  should 
be  tested  eventually  (Olson  and  Marking, 
1973;  Garrison,  1968),  only  flsh  of  nearly 
equal  size  should  be  tested  in  a  given  trial 
(Murphy,  1971). 

4.  Because  mud  will  alter  the  toxicity  of 
the  compound  in  fleld  trials  (Ferguson  et  al., 
1965),  it  may  be  desirable  to  conduct  some 
tests  in  containers  with  varying  amounts  of 
mud  (Loeb  and  Stackey,  1966) . 

5.  In  addition  to  testing  the  toxicity  to  the 
target  flsh,  the  effect  on  other  vertebrates 
(Brooks  and  Price,  1961;  MacPhee  and  Ruelle, 
1969b)  and  on  representative  Invertebrates 
(Shoettger  and  Olive,  1961)  and  plants 
should  also  be  determined. 

6.  The  rate  of  deactivation  of  the  plsciclde 
should  be  determined  (Marking  and  Walker, 
1973;  Marking  and  Dawson  1972;  Lee  et  al., 
1971;  Loeb  and  En^trom-Heg,  1971). 

Papers  dealing  with  toxicity  tests  of  spe¬ 
cific  pisclcides  suggested  for  review  of  tech¬ 
niques  include  Berger  et  al..  1969;  Herr  et  al., 
1967;  Haag,  1931;  and  MacPhee  and  Ruelle, 
19e9b. 

In  acute  toxicity  test  research,  the  results 
require  special  statistical  treatment.  Probit 
analii^ls  is  commonly  used  (Finney,  1947; 
Litchfield  and  WUcoxon,  1949),  but  a  dis¬ 
cussion  of  other  statistical  analyses  has  been 
written  by  Finney  (1964).  Rachlln  and  Perl- 
mutter  ( 1968)  present  an  approach  for  estab¬ 
lishing  maximum  permissible  concentrations. 

Field  Studies.  Protocols  for  fleld  evalua¬ 
tions  have  been  developed  by  the  U.S.  Fish 
and  Wildlife  Service  Fish  Control  Labora¬ 
tories  (Gumming,  1972).  In  addition,  Len¬ 
non  and  Berger  (1970)  and  Ollderhaus  et 
al.  (1969)  have  summarized  fleld  testing  con¬ 
ducted  to  gain  registration  of  a  particular 
pisclcide.  Equipment  for  adding  chemicals 
and  monitoring  the  effect  has  been  described 
by  several  researchers  (Anderson,  1962;  Price 
and  Haas,  1963;  Zlebell,  1966;  Richard,  1962). 

A  major  problem  in  fleld  applications  is 
the  effect  different  water  qualities  have  on 
the  toxicity.  Howell  and  Marquette  (1962) 
suggest  that  a  test  should  be  conducted  on 
each  body  of  water  before  adding  the  toxi¬ 
cant;  other  researchers  have  added  the  toxi¬ 
cant  on  the  basis  of  laboratory  studies  and 
then  tried  to  explain  the  erratic  results 
(Huish,  1961;  Mayhew,  1960;  Callahan  and 
Hulsh,  1968).  Other  problems  in  fleld  ap¬ 
plications  are  disctissed  in  publications  by 
Cushing  and  Olive  (1956);  Torblaa  (1968); 
Kiser  et  al.  (1963);  Hughes  and  Lee  (1973); 
Koeppe  (1961);  Bonn  and  Holbert  (1961); 
and  Cohen  et  al.  (1960) . 

Because  such  a  variety  of  organisms  is 
involved  in  fleld  ^plications,  samples  may 
have  to  be  preserved  for  later  analysis  at 
perhaps  several  laboratories.  C<^>e  ( 1960)  sug¬ 
gests  methods  for  collection.  Problems  of 
homogenization  of  samples  have  been  dis¬ 
cussed  by  Benvilie  (1970)  and  Daniels  et  al. 
(1965):  problems  ot  extraction  of  pesticides, 
by  Hesselberg  and  Johnson  (1972) ,  Hughes  et 
al.  (1970)  and  Bevenue  and  Beckman  (1966). 
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nSR  KKPELLANTS 

Published  literature  on  fish  repellents  Is 
difficult  to  identify,  and  much  of  it  Is  of 
little  value  because  repellency  has  not  been 
carefully  defined,  particularly  from  the 
standpoint  of  duration.  Summerfelt  and 
Lewis  (1967)  published  a  summary  on  fish 
repellents.  Their  paper,  along  with  one  by 
Hansen  et  al.  (1972),  describe  apparatus  for 
laboratory  testing  of  repellents.  Four  other 
papers  describe  a  mixture  of  laboratory  and 
field  testing  of  repellents  to  migrating  salmon 
(Brett  and  MacKinnon,  1954;  Alderdlce  et  al., 
1954;  Idler  et  al.,  1966;  Idler  et  al.,  1961),  but 
none  of  these  constitute  a  protocol  for  test¬ 
ing  repellents.  The  alternative  Is  to  adapt  the 
protocols  developed  for  piscicldes. 
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nsH  amoBucnvK  inhibitcas 

No  publications  pertaining  directly  to  fish 
reproductive  inhibitors  have  been  Identified. 
Basic  Information  on  the  reproductive  physi¬ 
ology  of  fishes  is  available  in  2  publications 
(Hoar  and  Randall,  1969;  and  Schreck,  1974) . 
Although  the  research  to  control  sex  in  fish 
discussed  by  Schreck  was  fiot  very  successful, 
such  control  would  inhibit  reproduction. 
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HEEBIcroES 

Few  papers  have  been  Identified  in  the 
literatiure  concerned  specifically  with  test 
methods  for  aquatic  herbicides,  and  most 
that  have  appeared  deal  with  greenhouse  and 
laboratory  tests  rather  than  field  test  meth¬ 
ods.  Since  field-testing  Is  the  only  positive 
method  of  showing  herbicide  efficacy  under 
actual  conditions,  this  section  will  be  con¬ 
cerned  only  with  field  test  methods.  The 
methods  were  chosen  because  they  have  been 
used  over  a  period  of  time,  have  been  gen¬ 
erally  accepted  and  have  appeared  frequently 
In  the  literature.  Dissipation  data  are  among 
the  most  Important  that  must  be  developed 
in  connection  with  the  use  of  phytotoxic 
chemicals  in  water.  Only  rarely  can  the  flow 
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of  water  be  controlled,  and  the  water’s  ultl* 
mate  use  may  be  uncertain.  Frequently  It  Is 
used  for  irrigation,  livestock,  industrial  and 
domestic  water,  ot  as  an  Input  into  a  fishery 
or  recreational  Impoundment. 

Several  factors  are  Involved  In  the  dissipa¬ 
tion  of  any  material  In  water.  The  most 
Important  are  dilution,  sorption,  volatility 
and  precipitation  by  chemical  reaction.  In 
the  absence  of  significant  volatility,  dilution 
is  frequently  the  factor  of  greatest  impor¬ 
tance  with  several  exceptions;  the  loss  of 
dlquat  by  adsorption  from  fiowing  water  is 
one  of  the  best  examples.  Because  of  this 
characteristic,  however,  diquat  Is  very  rarely 
used  in  fiowing  water.  Dissipation  through 
dilution  is  not  the  loss  or  disappearance  of 
the  chemical,  but  only  a  reduction  In  the 
concentration.  Losses  due  to  biological  deg¬ 
radation  or  pbotodegradation  should  be 
minimal  because  the  periods  involved  are 
relatively  short. 

Simple  and  direct  methods  for  determining 
the  dissipation  of  several  phytotoxic  chemi¬ 
cals  in  fiowing  water  are  published  (BarUey, 
1967,  1969;  Chancellor  et  al.,  1957;  Demint 
et  al.,  1970;  Demint,  1971;  Prank  et  al.,  1967, 
1970;  Nelson  et  al.,  1969)  Except  for  the  work 
reported  by  Nelson  et  al.  (1969)  and  Bartley 
(1967,  1969),  little  has  been  done  to  deter¬ 
mine  the  roles  played  by  factors  other  than 
dilution  In  the  disappearance  of  phjrtotoxic 
chemicals  In  fiowing  water. 

Among  the  hazards  posed  by  pbytotoxic 
compounds  In  water  are  the  possible  Injury 
to  irrigated  crops  and  other  desirable  plants 
and  illegal  residues  In  food  and  feed  crops. 
Recent  publications  by. Bruns  et  al.  (1972, 
1973)  Illustrate  techniques  employed  in  eval¬ 
uating  the  tolerance  of  crops  to  chemicals  In 
Irrigation  water  and  determining  the  result¬ 
ing  residues.  In  addition  to  limiting  iq>plloa- 
tion  rates  and  treatment  exposures  to  those 
actually  needed  to  control  algae  and/or  other 
aquatic  vegetation,  other  precautions  may  be 
necessary.  If  irrigating  crops  with  water  con¬ 
taining  recommended  levels  of  phytotoxic 
chemical  results  in  Injury  to  crop  {Hants  or 
produces  objectionable  residues  in  feed  or 
food  crt^s,  then  precautions  must  be  estab¬ 
lished  to  permit  acceptable  use.  These  pre¬ 
cautions  might  Include  use  of  the  water  only 
on  cMtaln  crops,  or  Irrigating  with  the  water 
might  be  delayed  until  the  concentration  of 
the  chemical  has  dissipated  to  an  acceptable 
level.  Similar  restrictions  may  be  necessary 
where  livestock,  potable  or  recreational  wa¬ 
ters  are  contaminated  beyond  acceptable 
levels. 
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HERBICmE  USE  IN  FLOWING  WATER 

In  the  past,  insufficient  attention  has 
been  given  to  characteristics  of  the  water  in 
testing  aquatic  herbicides.  The  vast  majority 
of  publications,  if  water  quality  Is  mentioned 
at  all,  list  only  a  few  of  the  characteristics, 
such  as  temperature  and  pH.  A  more  thor¬ 
ough  characterization  of  the  water  should  be 
provided.  There  is  no  longer  any  question 
concerning  the  effect  of  water  quality  on  the 
performance  of  copper  sulfate  as  an  algae - 
cide.  And,  although  little  If  anything  has 
been  published  concerning  water  quality  on 
the  efficacy  of  other  phytotoxic  chemicals, 
such  as  the  cocoamine  salts  of  endothall  and 
the  esters  of  2,4-D,  studies  with  these  her¬ 
bicides  have  provided  ample  evidence  that 
water  quality  is  very  Important.  The  effects 
of  sediment  and  other  forms  of  particulate 
matter  in  water  have  been  reported  (Coats 
et  al.,  1966;  Cochrane  et  al.,  1967;  Nelson  et 
al.,  1969;  Tucker  et  al.,  1967) . 

Certain  chemical  and  physical  character¬ 
istics  of  fiowing  water  are  determined 
largely  by  the  constant  movement  and  tur¬ 
bulence.  Stratification  and  its  attendant 
effects  are  rarely  Observed  and  discontinuous 
concentrations  of  nutrients,  oxygen  and 
growth  regulating  chemicals  are  of  minor 
Importance.  Naturally-occurring  changes  in 
water  quality  and  nutrient  levels,  other  than 
dissolved  gases,  are  usually  minimal  during 
the  residence  time  of  water  in  a  stream  or 
other  water  conveyance  system.  In  most 
water  conducting  systems,  the  volume  of 
water  dealt  with  over  a  period  of  ^tlme  is 
large  In  comparison  to  the  area  of  soil-water 
Interface  and  the  mass  of  vegetation  sup¬ 
ported  In  the  system  (Peltier  and  Welch, 
1969).  Changes  in  water  quality  that  do  oc¬ 
cur  are,  more  often  than  not,  due  to  inputs 
of  sewage  effluents,  runoff  of  rainfall  or 
drainage  of  excess  irrigation  water  into  the 
waterway. 

Flowing  water  makes  the  use  of  chemicals 
for  weed  control  difficult  and  costly.  Also, 
any  hazards  in  using  a  particular  chemical 
may  become  more  critical  if  flowing  water  is 
involved.  The  phytotoxlclty  of  a  compound 
in  water  Is  governed  largely  by  the  concen¬ 
tration  of  the  phytoclde  and  the  length  of 
exposure  or  contact  between  the  weeds  and 
the  herbicide-bearing  water.  In  some  in¬ 
stances,  there  appears  to  be  a  fairly  precise 
relationship  between  the  2  variables  of  time 
and  concentration.  With  acrolein,  approxi¬ 
mately  equivalent  results  are  obtained  by 
either  0.1  ppm  applied  for  48  hr  or  0.6  ppm 
applied  for  8  hr.  Because  of  the  requirement 
for  a  minimum  exposure  period.  It  Is  nec¬ 
essary  to  apply  a  herbicide  to  all  the  water 
flowing  past  a  given  point  during  the  entire 
treatment  or  exposure  time.  Most  herbicide 
concentrations  must  be  quite  high  and,  be¬ 
cause  of  the  large  volume  of  water  treated, 
the  expense  Is  considerable. 

Finally,  although  some  type  of  control  or 
check  is  always  desirable,  very  often  it  la 
impossible  to  secure  these  in  tests  In  flow¬ 


ing  water  and  the  best  alternative  is  ob¬ 
servations  made  before  and  after  treatment. 
If  the  period  of  time  Involved  Is  10  days  or 
less,  before  and  after  observations  of  the 
same  sites  are  preferable  to  controls  that  in¬ 
volve  different  streams  or  channels  or  even 
widely  separated  sites  in  the  same  system. 
In  flowing  water  It  Is  sometimes  possible  to 
leave  an  untreated  section  of  a  waterway 
upstream  from  the  site  where  the  treatment 
is  made.  These  untreated  sections  provide 
the  most  reliable  comparisons  for  determin¬ 
ing  the  efficacy  of  treatments  for  control  of 
both  algae  and  other  aquatic  vegetation. 

Algae:  Control  Methods  and  Testing  Pro¬ 
cedures.  Algae  that  present  the  most  com¬ 
mon  and  severe  problems  In  flowing  water 
systems  are  the  attached  filamentous  forms, 
such  as  Cladophora.  Their  effects  on  the  de¬ 
livery  capacity  of  water  conveyance  systems 
Is  magnified  far  beyond  the  total  mass  of 
vegetation  present.  Attached  filamentous 
algae  are  prevalent  in  concrete  lined  canals 
and  fliunes,  but  they  may  also  become  at¬ 
tached  to  soil  in  some  instances.  Rocks,  logs 
and  rooted  submersed  or  marginal  aquatic 
weeds  also  are  common  sites  for  attachment. 
The  filamentous  green  algae,  because  of  their 
size,  are  usually  the  most  obvious;  In  cold 
water  from  snow  melt  or  high  altitude  lakes, 
however,  some  species  of  blue-green  algae 
predominate.  An  attached  layer  of  scum  of 
variable  thickness  composed  of  algae,  sedi¬ 
ment,  fungi  and  many  forms  of  aquatic 
microfauna  usually  indicate  the  presence  of 
blue-green  algae. 

In  addition  to  attached  algae,  planktonic 
forms  are  usually  present  In  flowing  water, 
but  because  of  their  minute  size,  plankton 
algae  are  not  often  considered  a  problem. 
Rarely,  macroscopic  free-floating  algae,  such 
as  Aphanizomenon,  enter  canals  or  streams 
where  they  may  create  havoc  In  water  di¬ 
verted  to  Irrigation  sprinkling  systems.  Ex¬ 
cept  in  very  long  water  distribution  systems, 
such  as  the  California  Aqueduct  and  the 
Delta  Mendota  Canal  In  Callfmmla,  there  is 
little  opportunity  to  control  phytoplankton 
once  they  have  entered  canals  or  streams. 
Control.  If  required,  should  be  done  In  the 
lakes,  reservoirs  or  other  sources  of  water 
that  are  more  sedentary  and  before  the  water 
enters  streams  or  other  conveyance  systems. 

Several  techfilques  are  recognized  for  con¬ 
trolling  algae  In  flowing  water.  Two  tech¬ 
niques  rely  on  the  direct  addition  of  algae- 
cldes  to  the  water  (Schachterle,  1962);  the 
additions  are  commonly  referred  to  as  the 
"slug”  method  and  the  "continuous  appli¬ 
cation”  method.  The  “slug”  method  employs 
instantaneous  or  short-term  applications  of 
relatively  high  concentrations  of  algaecides 
to  restricted  volumes  of  flowing  water;  "con¬ 
tinuous  application”  implies  low  concentra¬ 
tions  of  the  algaecides  applied  over  long 
periods  of  time  and,  consequently,  treatment 
of  large  volumes  of  water  (Bartley,  1967).  A 
third  technique  involves  the  use  of  antlfoul- 
Ing,  or  other,  coatings  that  prevent  the  at¬ 
tachment  of  algae  either  by  their  toxic  prop¬ 
erties  or  by  physical  characteristics  that 
make  attachment  difficult  (Bartley  and  Otto, 
1964,  1966,  1967) .  Coatings  attempted  in  the 
past  ranged  from  copper  sheets  to  paints  con¬ 
taining  various  ingredients.  Sites  where  antl- 
fouling  materials  are  most  commonly  used 
are  fliunes  constructed  of  concrete  or  other 
material  and  concrete  lined  canals. 

Slug  Method  of  Treatment.  The  slug 
method  of  applyW  algaecides  In  flowing 
water  has  been  described  numerous  times 
(Chancellor  et  id.,  1967;  Nelson  et  al.,  1969; 
Schachtwle.  1962),  particularly  in  connec¬ 
tion  with  slug  applications  of  c<H>P«r  sulfate. 
The  method  is  sl^le  but  does  require  quite 
precise  measurements  of  the  volume  of  water 
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flow.  The  same  technique,  with  little  or  no 
modification,  Is  used  In  slug  treatments  with 
herbicides  for  control  of  submersed  vascular 
weeds  (Agricultural  Research  Service,  19«3; 
Timmons,  1900). 

Successful  slug  application  of  algaecldes  In 
flowing  water  Is  dependent  upon:  (1)  Ade¬ 
quate  contact  time  between  the  algae  and 
algaecldes.  and  (2)  a  concentration  of  the 
algaecide  that  will  produce  a  lethal  effect  on 
the  algae  during  the  contact  period  provided. 
From  this  It  Is  evident  that,  with  some  algae¬ 
cldes  at  least.  Increasing  the  contact  time 
will  permit  the  use  of  lower  concentrations; 
conversely,  increasing  the  concentration  arlll 
decrease  the  contact  time.  Consequently,  the 
contact  time  Is  determined  by  the  velocity  of 
water  flow  and  the  length  of  the  algaeclde- 
bearlng  slug  of  water  In  the  canal  or  stream. 
Initially,  the  length  of  the  slug  of  treated 
water  designed  to  provide  a  30-mln  contact 
period  will  be  twice  as  long  In  water  flowing 
at  a  velocity  of  2  ft/sec  as  In  water  flowing 
at  1  ft/sec.  The  total  amount  of  algaecide 
applied  In  the  faster  flowing  water  will  be 
twice  the  amount  needed  In  the  water  of 
1  ft/sec  velocity. 

The  manner  of  introducing  the  algaecide 
Into  water  Is  not  slgiUflcant,  except  for  crys¬ 
tals  or  other  solids  and  for  volatile  chemi¬ 
cals.  such  as  acrolein.  Uniform  dispersion 
throughout  the  body  of  water  does  not  occur 
until  after  the  water  has  travelled  some  dis¬ 
tance  (Demint,  1971;  Feuersteln  and  Selleck, 
1963).  In  small  (up  to  100  cu  ft/sec)  canals, 
complete  dispersion  is  usually  accomplished 
dtirlng  the  first  0.26  to  0.5  miles  of  water 
flow.  This  may  not  hold  true  for  canals  carry¬ 
ing  several  hundred  or  several  thousand  cubic 
feet  of  water  per  second. 

Quantitative  measurements  to  detehnlne 
the  effectiveness  of  algaecldes  on  filamentous 
algae  are  difficult  to  obtain.  Biomass,  percent 
cover  and  similar  determinations  are  of  value 
only  In  theory  because  variability  among 
checks  and  controls  is  normally  very  great. 
Consequently,  visual  observations  are  usually 
used  to  estimate  the  degree  of  control.  No 
difficulty  Is  encountered  where  complete  con¬ 
trol  Is  accomplished.  Where  partial  contrxfl 
follows  the  use  of  an  algaecide,  however,  an 
estimate  of  percent  control  la  essential  along 
with  some  documentation  of  the  change  in 
number  of  species  and  their  contribution  to 
the  mass  and  total  population.  Evaluation  in 
terms  of  "satisfactory”  or  “acceptable”  con¬ 
trol  are  of  limited  value. 

Tests  for  efficacy  should  be  sufficiently  ex¬ 
tensive  and  numerous  to  establish  the  most 
satisfactory  concentrations  and  contact  peri¬ 
ods.  or  at  least  an  acceptable  range  of  these. 
In  any  one  locality  or  geographic  area,  3  tests 
should  be  the  minimum  and  6  or  more  tests 
are  desirable.  The  parameters  and  data  deter¬ 
minations  that  should  be  recorded  and  re¬ 
ported  are  enumerated  below. 

1.  Heftdclde  application. 

a.  Length  of  application  (instantaneous 
slug,  for  example,  dun4)lng  from  dumptruck; 
or  iqipllcatlon  extended  up  to  several  hours) . 

b.  Formulation  or  physical  state  of  algae¬ 
cide  (powder,  crystalline,  liquid,  other) . 

e.  Method  of  application  (spray  boom, 
spreader,  bag.  diunplng,  other). 

d.  Application  date. 

e.  Amount  applied. 

2.  Observations  on  water. 

a.  Water  temperature. 

b.  Water  quality  (pH,  hardness,  alkalinity, 
conductivity,  appropriate  anions  and  cations, 
turbidity,  sediment). 

e.  Water  velocity. 

d.  Voltune  of  flow. 

a.  Length  of  canal  or  other  waterway 
treated. 

f.  Type  of  conveyance  (earthen,  concrete 
lined,  other). 


3.  Observations  on  algae  control. 

a.  Species  present  before  treatment. 

b.  Amount  of  algal  growth  (density,  mass, 
length,  other)  present  before  treatment. 

c.  i^^^les  controlled  by  treatment. 

d.  E^ecles  not  controlled. 

e.  Extent  of  algae  control  (miles  of  water¬ 
way)  . 

f .  Reduction  In  total  mass  of  algae. 

g.  Observation  dates. 

h.  Length  of  control  (period  between  treat¬ 
ments)  . 

1.  Number  of  treatments  needed  per  season. 

4.  Control  of  check  treatments. 

a.  Comparison  with  untreated  section  of 
same  waterway. 

b.  Comparison  with  conditions  before 
treatment. 

c.  Comparison  of  results  with  those  of  a 
similar  treatment  standard,  such  as  copper 
sulfate. 

Continuous  Method  of  Treatment.  The  use 
of  this  method  to  control  algae  In  flowing 
water  has  so  far  been  limited  to  the  applica¬ 
tion  of  copper  sulfate  (Bartley,  1987).  The 
continuous  application  method  Is  similar  In 
most  respects  to  the  slug  treatment;  con¬ 
tinuous  application  may  be  considered  as  a 
slug  of  long  or  infinite  duration.  Factors  to 
be  considered  and  data  required  in  respect 
to  the  algaecide  application  are  Identical. 
For  detailed  enumeration  of  the  parameters 
and  data  determinations  that  should  be  re¬ 
corded  and  reported,  see  discussion  on  the 
slug  method  of  treatment. 

Observations  made  on  control  of  algae 
might  differ  slightly  In  that  control  with  the 
continuous  application  may  not  be  evident 
immediately  bMause  of  the  lower  dosage  one 
would  anticipate  employing.  If  the  treatment 
dosage  used  Is  not  constant,  or  If  the  treat¬ 
ment  Is  of  extended  duration  but  discontinu¬ 
ous  during  the  season,  then  It  is  necessary 
to  establish  the  Initial  and  followup  treat¬ 
ment  rates  and  the  duration  of  each  treat¬ 
ment  period  in  terms  of  days,  weeks  or 
months.  The  use  of  checks  or  controls  would 
also  be  similar  In  both  slug  and  continuous 
application. 

The  most  Important  differences  between 
the  slug  and  continuous  application  methods 
have  to  do  with  pollution  and  residues.  Un¬ 
like  the  slug  treatment.  In  which  the  algae¬ 
cide  concentration  at  any  qieclflc  point 
downstream  proceeds  from  a  zero  level  up¬ 
ward  to  a  maximum  and  then  recedes  to  zero, 
the  algaecide  concentration  at  a  given  point 
downstream  from  the  site  of  continuous  ap¬ 
plication  reaches  a  maximum  level  which  re¬ 
mains  constant  until  the  treatment  Is 
discontinued.  The  effect  of  dilution  on  dissi¬ 
pation  of  the  algaecide  In  the  continuous 
^plication  Is  transitory  and  restricted  to  the 
beginning  and  terminal  portions  of  the  appli¬ 
cation. 

Because  of  the  possible  long-term  water 
contamination.  It  Is  necessary  (1)  that  the 
treatment  dosage  In  continuous  applications 
be  sufficiently  low  to  be  compatible  with  the 
various  water  uses  encotmtered  downstream; 
(2)  that  a  safe  concentration  of  chemical  Is 
achieved  through  dissipation  before  Use  of 
the  water;  or  (3)  that  the  treatment  be  Inter¬ 
rupted  periodically  to  permit  specified  use  of 
the  water  (Irrigation  of  crops  for  exsunple) 
from  that  portion  of  the  channel  where  dis¬ 
sipation  has  not  progressed  to  the  extent  that 
an  acceptable  level  of  algaecide  Is  reached. 

Antifouling  Coatings.  Antifouling  coat¬ 
ings  have  traditionally  been  used  to  Inhibit 
the  attachment  of  marlns  algae  and  barna¬ 
cles  on  ships,  pilings  and  other  underwater 
structures.  For  many  years,  the  most  success¬ 
ful  of  these  have  been  paints  containing 
some  form  of  copper.  Mmre  recently,  other 
metals  and  organic  metal  compound^  such 


as  trlbutyl  tin  oxide,  have  been  Incorporated 
into  antlfoullng  paints.  Empirical  methods 
for  testing  other  antlfoullng  materials  have 
been  tried  with  varying  degrees  of  success. 
One  has  been  the  use  of  bltximinous,  vinyl 
or  other  iwlnt  bases  that.  In  themselves,  are 
not  too  effective  In  preventing  the  attach¬ 
ment  of  algae.  They  do.  however,  facilitate 
removal  of  the  attached  algae  by  physical 
means,  such  as  sweeping  or  high  velocity 
water  jets.  The  succe^ul  use  of  paint  sur¬ 
faces  that  continuously  slough  into  the  water 
at  slow  rate  and  thereby  prevent  large-scale 
attachment  of  algae  has  been  reported. 

Because  of  the  cost,  the  use  of  antlfoullng 
coatings  has  been  limited  to  critical  sur¬ 
faces  or  water  delivery  systems  such  as  flumes 
of  measuring  weirs.  But.  because  of  the  large 
increases  In  the  cost  of  algaecldes,  such  as 
copper  sulfate,  and  the  inability  of  Industry 
to  meet  the  ciurent  needs,  strong  considera¬ 
tion  Is  being  given  to  greater  use  of  antl¬ 
foullng  materials.  This  is  partlcxilarly  true 
where  the  financial  return  on  delivered 
water,  for  example,  for  hydroelectric  power 
generation,  has  Increased  sharply. 

Efficacy  testing  of  antlfoullng  materials  Is 
relatively  straightforward,  at  least  In  re¬ 
spect  to  the  types  and  quantities  used  In 
the  past.  Because  the  materials  leach  Into 
the  water  at  very  slow  rates,  residues  from 
limited  applications  should  be  essentially  nil. 
Large-scade  use  may  change  the  situation 
entirely  and  require  an  assessment  of  resi¬ 
dues,  their  levels  and  dissipation  rates  and 
hazards  that  these  might  present  to  crops, 
humans,  livestock  and  the  aquatic  environ¬ 
ment.  Most  of  the  work  on  developing  meth¬ 
ods  for  testing  antlfoullng  materials  In  water 
distribution  systems  has  been  done  by  the 
Bureau  of  Reclamation  (Bartley  and  Otto, 
1964, 1966, 1967) . 

The  parameters  and  data  determinations 
that  should  be  recorded  and  reported  are 
enumerated  below. 

1.  Herbicide  application. 

a.  Structure  and  construction  material. 

b.  Surface  preparation. 

c.  Method  of  application  (brush,  spray, 
etc.). 

d.  Amount  applied  (thickness,  weight, 
etc.). 

e.  Curing  reqtdred. 

f .  Time  of  year  applied. 

g.  Formulation  used. 

h.  Amoimt  active  ingredient. 

1.  Size  of  treated  area. 

2.  Observations  on  water. 

a.  Water  temperature. 

b.  Water  quality  (alkalinity.  pH.  hardness, 
appropriate  anions  and  cations,  conductivity, 
tmbldlty,  sediment) . 

c.  Active  water  delivery  period  (s) . 

d.  Water  volume  and  vtioclty. 

8.  Observations  on  algae  control. 

a.  Algal  species  controlled. 

b.  Algal  species  not  controlled. 

c.  Date  of  appearance  of  algae. 

d.  Amount  of  algal  growth  (density,  mass, 
length,  other) . 

e.  Effective  life  of  coating  (number  of  sea¬ 
sons). 

f.  Period  of  acceptable  control. 

g.  Observation  dates. 

4.  Control  or  check  treatments. 

a.  No  treatment. 

b.  Recognized  standard  antlfoullng  mate¬ 
rial. 

Submersed  Vascular  Weeds:  Control  Meth¬ 
ods  and  Test  Procedures.  Submersed  vascular 
weeds  In  flowing  water,  although  usuaUy  not 
as  numerous  In  number  of  species  as  In  static 
water,  create  serious  problems  that  often 
must  be  attended  with  minimum  delay. 
Weed  Infestations  that  become  severe  enough 
to  Impede  the  flow  of  water  may  cause  flood- 
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Ing  and,  in  Irrigation  systems,  lead  to  inade> 
quate  delivery  of  water  to  farmers.  With 
multlple>use  water,  deficiencies  may  also  oo- 
cxir  in  vcAumee  of  water  available  for  genera¬ 
tion  of  electrical  power  and  in  supplies  of 
domestic  water.  Consequently,  some  method 
for  coping  with  excessive  weed  growth  in 
fiowlng  water  is  essential.  No  study  has  been 
made  to  determine  the  social  or  economic  im¬ 
pact  of  submersed  weeds  in  fiowlng  water; 
however,  some  data  are  available  on  the  ex¬ 
tent  and  cost  of  weed  control  in  western  ir¬ 
rigation  systems  (Timmons,  1960, 1970). 

Almost  all  of  the  methods  presently  \ised 
for  testing  herbicides  in  fiowlng  water  were 
developed  in  irrigation  canals.  This  is  where 
water  delivery  was  most  critical,  where 
hazards  to  the  aquatic  environment  were 
minimal  and  where  the  only  financial  re¬ 
sources  were  and  still  are  available  for  such 
weed  control  develc^ment.  Very  few  attempts 
are  made  to  control  submersed  vascular 
weeds  in  natural  streams;  no  public  or  pri¬ 
vate  entity  will  assume  the  responsibility  for 
weed  control  in  other  than  navigable  streams. 

Up  to  the  present,  the  “slug”  method  has 
been  found  most  practical  and  best  suited 
for  use  with  the  herbicides  now  available. 
The  earliest  chemical  treatments  for  sub¬ 
mersed  weeds  in  flowing  water  were  based  on 
this  technique  (Shaw  and  Timmons,  1949). 
The  "continuous  application”  technique  is 
also  used  to  control  submersed  weeds  in 
irrigation  systems.  The  principal  factors 
limiting  greater  use  are  scarcity  of  herbicide 
chemicals  that  perform  satisfactorily  and 
cost.  A  third  method  that  has  been  tested, 
but  that  is  used  infrequently  because  of  lack 
of  a  suitable  herbicide.  Involves  treating  the 
soil  of  weed  infested  waterways  during 
periods  when  they  do  not  contain  water 
(Frank,  et  al.,  1963). 

Slug  Method  of  Treatment.  The  discussion 
of  the  slug  method  of  treatment  to  control 
algae  applies  to  its  use  to  ccmtrol  submersed 
vascular  weeds  in  fiowlng  water.  (For  de¬ 
tails,  see  that  discussion.) 

Continuous  Method  of  Treatment.  Far  de¬ 
tailed  discussion,  see  the  section  on  the  con¬ 
tinuous  application  method  to  control  algae 
in  flowing  water. 

Canal  Bottom  Treatment.  In  theory, 
treatment  of  the  soil  during  periods  when 
there  is  no  water  flow  is  an  Ideal  procedure 
for  control  of  submersed  weeds  in  waterways 
(Frank,  et  al.,  1963) .  In  practice,  the  method 
has  been  erratic,  with  results  ranging  from 
no  contrcd  to  weed  eradication  lasting  several 
years.  The  principal  hindrance  to  utilizing 
this  method  is  the  absence  of  herbicides 
with  characteristics  that  fix  them  In  the  soil 
and  still  permit  retention  in  their  phytotoxic 
properties.  Most  herbicides  presently  avail¬ 
able  are  inactivated  by  adsorption  in  soil, 
are  too  rapidly  degraded  or  are  subject  to 
varying  degrees  of  leaching  depending  upon 
the  vagaries  of  the  weather. 

Only  minimal  research  has  been  carried 
out  on  the  behavior  and  fate  of  herbicide 
residues  that  occiir  in  flowing  water  as  a 
consequence  of  treating  the  soil  in  dewatered 
canals  or  other  temporarily  dry  waterways 
(Comes,  et  al.,  1974;  Frank,  et  al.,  1967). 

If  canal  tettom  treatments  are  employed, 
data  concerning  residues  fii  the  water  follow¬ 
ing  soil  treatment  are  required.  They  can  be 
obtained  by  using  a  modification  of  a  system 
of  monitoring  already  published  (Frank,  et 
al.,  1967  and  Frank,  et  al.,  1970).  Other 
parameters  and  data  requirements  that 
should  be  recorded  and  repcuted  are  listed 
below. 

1.  Herbicide  iq>pllcatlon. 

a.  Formulation  of  herbicide. 

b.  Method  of  application. 

e.  Treatment  rate. 

d.  Date  applied. 


e.  Incorporated  in  soil. 

a.  Observations  on  water,  soil  and  weather. 

a.  Type  of  soil  and  texture. 

b.  Type  and  amount  ot  precipitation  and 
general  climatic  conditions  between  applica¬ 
tion  and  time  water  is  turned  into  canal. 

c.  Size  of  canal. 

d.  Water  temperature. 

e.  Water  quality. 

f.  Water  velocity  and  volume. 

3.  Observations  and  weed  control. 

a.  Species  present  before  treatment. 

b.  Amount  of  weed  growth  (mass,  density, 
length,  other)  before  treatment. 

c.  Time  of  appearance  of  weeds. 

d.  Weed  species  controlled. 

e.  Weed  species  not  controlled. 

f.  Reduction  in  amount  of  weed  growth 
(mass,  density,  length,  other) . 

g.  Observation  dates. 

h.  Length  of  control. 

i.  Frequency  of  treatments  needed  for 
weed  control. 

4.  Control  or  check  treatments. 

a.  Comparison  with  untreated  sections  in 
same  canal. 

b.  Comparison  with  weed  conditions  dur¬ 
ing  previous  year(s) . 

c.  Comparison  of  results  with  results  from 
other  types  of  treatment  with  other  herbi¬ 
cides. 
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HERBICIDE  USE  IN  STATIC  WATER - 

GENERAL  CONSIDERATIONS 

Chemical  and  Physical  Parameters.  For  all 
field  tests  in  static  waters,  certain  chemical 
and  physical  parameters  should  be  deter¬ 
mined  and  reported  in  order  to  describe  the 
test  conditions.  These  parameters  should  in¬ 
clude,  but  not  necessarily  be  limited,  to  the 
following:  pH  of  water,  hardness  of  water, 
alkalinity  ot  water,  dissolved  oxygen  in  water, 
temperature  of  water.  The  determination  of 
these  parameters  can  be  made  according  to 
the  methods  outlined  by  the  American  Public 
Health  Association  (1965)  and  Ooltennan 
(1971),  or  by  other  commonly  accepted  prac¬ 
tices,  such  as  tiectrometric  methods.  Other 
observations,  such  as  the  presence  of  a  ther- 
mocllne  or  extremely  muddy  water,  should 
also  be  reported. 

Biological  Parameters.  Certain  biological 
parameters  should  be  recorded  at  the  begin¬ 
ning  of  every  field  test.  These  should  Include: 
plant  species  present,  plant  density,  stage  of 
growth  of  target  species  (seedling,  pre-flower¬ 
ing,  flowering,  senescent,  etc.) .  Other  appro¬ 
priate  biological  observations  should  be  made 
as  necessary.  An  example  of  an  additional  ob¬ 
servation  would  be  the  presence  of  a  heavy 
algae  bloom  in  a  test  where  the  target  species 
were  vascular  plants.  Another  example  would 
be  the  presence  of  a  heavy  coating  of  epi¬ 
phytic  algae  on  the  leaves  of  vascular  plants. 

Types  of  Plots.  Field  tests  in  static  waters 
may  be  conducted  by  treating  4  basic  types 
of  plots:  (1)  Whole  ponds,  (2)  open  plots, 
(3)  encdoe^  plots,  and  (4)  plastic  pools  or 
other  artificial  containers. 

Wh(^e  pond  treatments  have  been  used  for 
many  years  and  most  closely  iqiproxlmate 
actual  use  conditions  for  an  aquatic  herbi¬ 
cide.  However,  the  method  has  several  dis¬ 
advantages.  First,  it  is  difficult,  if  not  impos¬ 
sible,  to  obtain  true  statistical  replicates. 
Even  adjacent  ponds,  separated  by  narrow 
dikes  and  located  on  identical  soils,  fre¬ 
quently  react  in  dissimilar  manners  when 
treated  with  herbicides.  In  addition  to  mak¬ 
ing  replication  dlfflcult,  this  lack  of  uniform 
behavior  also  makes  it  difficult  to  compare 
treated  ponds  with  untreated  checks  or  con- 
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trol  ponds.  Usually  comparing  the  same  pond 
before  and  after  treatment  Is  more  meaning¬ 
ful  than  comparing  a  treated  pond  with  an 
untreated  pond. 

Open  plots  are  defined,  treated  areas  in 
larger  bodies  of  water;  the  plot  is  not  enclosed 
or  contained  by  any  artificial  means.  Open 
plot  treatments  have  been  used  successfully 
under  a  variety  of  situations.  A  comparison 
of  open  plot  treatments  with  whole  pond 
and  plastic  enclosure  treatments  can  be 
found  in  3  papers  by  Walker  (1964,  1964, 
1965). 

There  are  major  differences  between  whole 
pond  tests  and  open  plot  tests.  First,  is  the 
problem  of  dilution  of  the  herbicides  by  the 
surrounding  untreated  waters.  This  makes 
the  size  of  the  plot  very  important.  Although 
many  investigators  have  used  smaller  size 
plots,  there  is  some  opinion  that,  to  get  mean¬ 
ingful  reliable  results,  open  plots  should  be 
at  least  0.26  acre.  With  this  size  plot,  border 
effects  can  be  ignored  and  data  can  be  taken 
from  the  centers  of  the  treated  areas.  Second, 
with  open  plots  one  must  also  be  cognizant 
of  water  movement  from  currents,  tides  or 
even  wind  action,  which  might  carry  the 
herbicide  out  of  the  plot  boundaries.  One 
advantage  over  whole-pond  treatments  is 
that,  with  many  plots  in  one  body  of  water, 
plot-to-plot  variation  is  less  a  problem. 

Enclosed  plots  are  plots  in  larger  bodies  of 
water  which  are  "sealed  off”  from  the  rest  of 
the  water  mass,  usually  by  plastic  film.  En¬ 
closed  plots  have  been  used  by  various  inves¬ 
tigators  in  the  past  (Gallagher  et  al.,  1968; 
Walker,  1964,  1966).  They  offer  l^e 

smallest,  most  reproducible  type  of  plots 
available  for  use  with  naturally-occurring 
plants,  which  have  not  been  disturbed  or 
transplanted,  and  a  natural  bottom  which 
has  been  disturbed  very  little,  if  at  all.  They 
can  be  quite  small  because  there  is  no  dilu¬ 
tion  of  the  herbicide  by  the  surrounding  un¬ 
treated  water.  This  Is  a  distinct  advantage 
over  the  open  plot  method.  Also,  because  of 
their  smaller  size  (6  ft  z  6  ft  used  success¬ 
fully  by  Gallagher  et  al.,  1968),  visual  esti¬ 
mation  of  herbicidal  effectiveness  Is  simpler 
and  probably  more  accurate.  A  major  con¬ 
cern  with  enclosed  plots  is  to  assure  that  the 
plastic  Is  not  permeable  to  the  herbicide  and 
that  the  herbicide  Is  npt  adsorbed  or  ab¬ 
sorbed  by  the  particular  t]rpe  of  plastic  being 
used.  It  Is  also  Important  that  a  tight  seal 
be  obtained  at  the  bottom. 

Above-ground,  plastic-lined  swimming 
pools  offer  a  convenient  system  for  testing 
potential  aquatic  herbicides.  The  method  Is 
described  In  detail  by  Lawrence  and  Black- 
biurn  (1962).  The  same  care  mxist  be  taken 
as  with  enclosed  plots  to  assure  the  herbicide 
Is  not  adsorbed  or  absorbed  by  the  plastic 
liner. 

The  advantage  of  plastic  pools  Is  that  a 
wide  number  of  variables  can  be  studied 
under  semlcontrolled  conditions  and  a  wide 
spectrxun  of  weeds  can  be  tested.  To  find  the 
desired  weed  species  growing  under  the  de¬ 
sired  conditions  In  natural  bodies  of  water 
suitable  for  field  tests  Is  often  an  impossible 
task.  On  the  other  hand,  the  results  of  plas¬ 
tic  pool  tests  should  not  be  over-extrapolated 
to  natural  bodies  of  water.  The  substrate 
added  to  the  pool  Is  "artificial”  and  may  not 
resemble  natural  pond  or  lake  sediments  In 
either  chemical  composition  or  physical 
structure.  Some  degree  of  testing  by  either 
the  whole  pond  or  open  plot  method  should 
be  done  to  confirm  the  results  of  plastic  pool 
tests. 

ALGAB  CONTROL 

Plot  Types.  Algaecldes  may  be  tested  by  3 
of  the  4  treatments  listed  above — entire  pond 
treatment,  enclosed  plots  or  plastic  pools. 
Open  plots  are  generally  not  acceptable  for 
algae  control  tests  becaxise  of  the  drift  of 
algae  Into  and  out  of  the  plots  over  a  period 
of  time.  If  plastic  pools  are  used,  soil  should 


be  placed  In  the  pool  bottom  even  though 
the  algae  may  not  require  It  for  growth.  It 
should  also  be  determined  In  advance  that 
the  algaeclde  being  tested  is  not  absorbed  or 
adsorbed  by  the  specific  type  of  plastic  used 
for  the  pool  liner. 

Application  Methods.  Application  meth¬ 
ods  may  vary  with  the  formulation  of  the 
algaeclde  being  tested.  The  major  reqvilre- 
ments  are  (1)  that  the  method  used  is  de¬ 
scribed  in  detail  and  (2)  that  the  method  re¬ 
sults  in  reasonably  uniform  distribution  of 
the  algaeclde  in  the  test  area.  The  latter  is 
particularly  lmp>ortant  when  treating  mats 
of  filamentous  algae. 

Evaluation  of  Plots.  The  types  of  obser¬ 
vations  to  be  made  and  recorded  will  depend 
on  the  type  of  algae  present.  In  the  case  of 
filamentous  algae  occurring  on  the  substrate 
and/or  occurring  as  floating  mats,  visual  es¬ 
timates  of  the  decline  in  algae  are  the  only 
practical  method  of  determining  efficacy.  In 
the  case  of  single-celled  planktonic  forms  or 
small  planktonic  colonies  of  cells,  more  pre¬ 
cise  methods  are  available.  Direct  counts  of 
cells  or  colonies  may  be  made  according  to 
the  methods  outlined  by  the  American  Pub¬ 
lic  Health  Association,  Inc.  (1965).  Another 
method  entails  measuring  chl(Hx>phyll  in 
water  samples  according  to  any  of  the  meth¬ 
ods  detailed  by  Golterman  (1971). 

Visual  estimation  of  water  color  and/or 
turbidity  Is  not  normally  sufficient  for  meas¬ 
uring  the  degree  of  control  of  this  type  of 
algae  when  tests  are  performed  in  the  field. 

SUBMERSED  VASCULAR  PLANT  CONTROL 

Plot  Types.  Any  of  the  4  basic  types  of 
plots  can  be  tised  for  attached  submersed 
vascular  plants.  The  choice  of  plot-type 
would  depend  oh  the  objectives  of  the  par¬ 
ticular  test. 

Application  Methods.  Application  meth¬ 
ods  will  vary  widely  with  the  fcu^mulatlon  of 
herbicide  being  tested,  the  size  of  the  plots 
and,  possibly,  the  rate  of  application.  It  is 
Important  that:  (1)  The  method  be  described 
in  detail;  (2)  reasonably''uniform  coverage 
of  the  plots  be  attained;  and  (3)  accurate 
amounts  of  herbicide  be  applied. 

Evaluation  of  Plots.  Evaluating  the  effects 
of  the  herbicide  on  the  weed  population  is 
somewhat  difficult.  Although  some  re¬ 
searchers  have  attempted  to  run  transects 
through  ponds  or  to  remove  and  weigh  all 
vegetation  from  randomly  selected  areas,  etc., 
the  vast  majority  of  tests  are  evaluated  by 
visually  estimating  the  reduction  In  vigor 
and  stand  density  of  each  weed  species  pres¬ 
ent.  This  is  the  only  really  practical  means 
of  determining  efficacy  and  is  very  accurate  if 
done  carefully.  In  deep  water,  where  visi¬ 
bility  of  the  bottom  is  difficult  from  a  boat 
or  from  the  shore,  SCUBA  gear  can  be  uti¬ 
lized  to  great  advantage. 

FLOATINO  VASCULAR  PLANT  CONTROL 

Floating  vascular  plants  fall  into  2  cate¬ 
gories:  attached  and  free-floating. 

Floating  —  Attached.  Floating-attached 
weeds,  such  as  waterllly  and  watershleld,  can 
be  treated  very  much  like  submersed  species 
(American  Public  Health  Association,  Inc., 
1965;  Comes  and  Morrow,  1971;  Gallagher  et 
al.,  1968).  If  a  liquid  spray  fas  being  used, 
complete  and  uniform  coverage  of  the  plot 
is  mwe  Important  with  the  floating  types 
because  the  leaves  are  receiving  the  spray 
directly. 

Comes  and  Morrow  (1971)  used  open  plots 
of  60  ft  X  50  ft  and  25  ft  x  25  ft  on  waterllly. 
Longer  control  was  obtained  in  the  60  ft  x  60 
ft  plots,  indicating  that  plot  size  can  be  an 
Important  factor  if  evaluation  of -results  is 
to  extend  over  a  period  of  time. 

Free-floating.  Free-floating  qsecles,  such 
as  duckweed  and  water-hyacinth,  may  be 
tested  by  the  whole-pond,  enclosed-plot,  or 
plastic-pool  methods  discussed.  The  open  plot 
method  is  not  suitable  for  free-floating  spe¬ 


cies  because  the  plants  will  move  in  and  out 
of  the  plots  from  wind  action  and  may  even 
become  intermingled  with  untreated  plants. 

The  method  of  application  Is  more  im¬ 
portant  with  floating  plants  than  with  sub¬ 
mersed  plants.  If  a  spray  is  used  which  strikes 
the  exposed  leaf  surfaces,  then  uniformity  of 
coverage  is  Just  as  Important  as  It  is  when 
testing  herbicides  on  terrestrial  plants.  What¬ 
ever  method  of  application  is  used,  a  detailed 
description  of  the  method  should  be  included 
with  the  restUts. 

Effectiveness  of  the  herbicide  can  be  evalu¬ 
ated  by  visual  estimation  of  stand  density 
and  plant  vigor. 

EMERSED  AND  MARGINAL  PLANT  CONTROL 

Emersed  and  marginal  species  should  be 
treated  in  much  the  same  manner  as  terres¬ 
trial  weeds.  The  open-plot  method  normally 
would  be  the  only  method  used,  although  the 
other  3  methods  might  be  used  under  ^>ecial 
circumstances.  An  example  of  the  use  of 
open  plots  In  shallow  water  is  the  work  of 
McGllvery  and  Steenis  (1966)  on  alligator- 
weed. 

As  with  floating  species,  the  method  of 
herbicide  application  should  be  one  which 
Insures  uniform  coverage  of  the  plots,  par¬ 
ticularly  in  the  case  of  postemergence  treat¬ 
ments. 

Plot  size  has  to  be  fairly  large,  especially 
for  rhizomatous  or  stolonlferous  species. 
Plants  such  as  Phragmites  will  rapidly  in¬ 
vade  a  plot  from  the  surrounding  untreated 
areas  and  impede  evaluation  of  the  plot  as 
time  progresses.  For  plants  like  Phragmites 
the  absolute  minimum  plot  size  should  be  one 
one-hundredth  of  an  acre  (21  ft  x  21  ft)  but 
larger  plots  are  preferable  if  they  are  going 
to  be  evaluated  for  more  than  1  yr.  Buffer 
strips  or  alleys  between  plots  should  be  at 
least  6  ft  wide  to  minimize  the  problem  of 
rhizomes  from  treated  plants  in  one  plot 
crossing  the  buffer  and  sending  up  shoots  in 
the  next  plot. 

Marginal  and  emersed  plants  can  some¬ 
times  be  individually  counted,  measured,  or 
harvested  and  weighed  to  assess  the  effect  of 
the  herbicide,  but  this  is  rarely  necessary  or 
even  Justifiable.  A  careful  visual  estimation 
of  stand  density  and  plant  vigor  in  relation 
to  control  plots  is  adequate  for  determining 
herbicide  efficacy. 
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Paet  IV — Product  Performance 
SUBFART  C — ^rUMGICIOES  AND  NEMATICmES 

RECOMMENDED  PRACTtCE  FOR  FIELD  EVALUATION 
or  rUNClCIDBS  used  for  controlling  celert 
LATE  BLIGHT  DISEASE 

(This  procedure,  TSD  Deslgnatloii  6301, 
was  prepared  by  Technical  Services  Division, 
OPP,  EPA,  and  is  being  considered  by  the 
American  Society  for  Testing  and  Materials. 
The  ASTM  format  has  been  retained.) 

1.  Scope. 

1.1  This  method  is  Intended  for  evaluat¬ 
ing  the  efficacy  of  fungicides  in  controlling 
celM-y  late  blight  disease  under  field  condi¬ 
tions. 

2.  Test  Site. 

2.1  Soil  should  be  sid table  for  celery 
growth  and  climatic  conditions  favorable  fca* 
disease  development.  Overhead.  Irrigation 
should  be  avaUable  to  establish  high  hu¬ 
midity.  where  necessary,  and  disseminate 
spores. 

3.  cnimatlc  Conditions. 

5.1  Late  blight  develops  best  under  cool 
weather  conditions.  Temperatures  favorable 
for  ^Mre  germination  and  infection  are  16  to 
21*  C.  (flattering  and  wind-bloem  water  are 
the  major  means  at  epare  disseinination  (1. 
3). 

4.  Test  Plants. 

4.1  Giant  Pascal  Celery  i  is  highly  suscep¬ 
tible  to  Septorte  apiioola  Spec.  Other  sus- 
c^tlbie  varieties  are  acceptable. 

^  Giant  Pascal  Celery  seed  may  be  pur¬ 
chased  from  W.  Atlee  Burpee  Co..  18th  Street 
and  Hunting  Aveniw,  Philadelphia.  Pa. 
19U2. 


43  Plant  seed  in  51  by  51  mm  plant  bands 
or  peat  pots  In  the  greenhouse  three  months 
before  transplanting  in  the  field. 

43  Transplant  seedlings  in  the  field  152 
to  203  mm  apart  within  the  row. 

4.4  Plant  rows  on  762  mm  centers. 

Note;  Superscript  arable  numbers  refer  lO 
information  footnotes  at  the  end  of  the 
paper.  Parenthetical  numbers  indicate  litera¬ 
ture  citations  at  the  end  of  the  paper. 

5.  Organism. 

5.1  Septoria  apiicola  Speg.  is  the  casual 
organism  of  celery  late  blight  disease.  Sep¬ 
toria  apiicola  Speg.,  published  in  1887,  has 
priority  over  the  names  Septoria  apii  (Brlosl 
&  Cav.)  Chester  and  Septoria  appi-graveo- 
lentis  Dorogln  and  is  the  correct  name  (3). 

6.  Test  Plot  Management. 

6.1  Two  growing  seasons  may  be  neces¬ 
sary  to  establish  an  epiphytotlc  of  celery  late 
blight.  No  testing  can  usually  be  done  imtU 
the  second  year.  In  certain  areas  where  the 
disease  is  endemic  no  establishment  may  be 
necessary.  In  such  a  case,  steps  6.3  and  6.4 
may  be  eliminated. 

6.2  Plant  celery  as  in  4.3  and  4.4. 

6.3  Obtain  Infected  celery  foliage  from 
a  diseased  field  and  scatter  evenly  throughout 
the  plot  area. 

6.4  Sprinkler  irrigate  three  times  a  week 
unless  rain  occurs  with  similar  frequency. 
This  is  most  important  In  spreading  the 
spores  of  the  fungus  and  producing  heavy 
Infection  on  the  young  celery  plants.  The 
first  year  infection  will  generally  not  be 
heavy  enough  or  evenly  dispersed  through¬ 
out  the  plot  to  permit  fungicide  testing. 
However,  this  may  not  be  true  in  some  areas 
where  natural  conditions  may  hasten  spread 
of  Infection. 

6.5  Celery  in  plots  established  in  mild  cli¬ 
mates  (eg..  Pacific  Northwest.  California, 
Gulf  States,  Georgia,  Florida)  will  overwinter 
as  viable  mature  plants.  Infections  will  also 
overwinter.  The  second  year  remove  the  edd 
plants  from  every  second  and  third  row,  leav¬ 
ing  the  first  row  of  every  three  rows  to  serve 
as  a  source  of  Inoculum.  Replant  the  second 


and  third  rows  with  seedlings  as  in  43  and 
4.4.  These  replanted  seedlings  will  be  used 
for  fungicide  testing  the  second  year. 

6.6  In  areas  of  the  country  where  winter 
conditions  preclude  overwinter  celery  plant 
survival,  the  fungus  should  be  collected  on 
the  infected  plant  material  and  air  dried. 
This  material  should  be  stored  in  a  cool,  dry 
place  for  future  use. 

7.  Procedure. 

7.1  Use  a  randomized  block  design. 

7.2  Use  at  least  four  replications  per 
treatment. 

7.2.1  For  each  replication  use  4.6  to  6.1  m 
of  row. 

7.2.2  Separate  each  treatment  within  rows 
by  305  to  610  mm  buffer  zone  planted  to 
celery. 

7.3  Arrange  treatments  according  to  Sne- 
decor’s  Randomly  Assorted  Digits  Table  (4). 
or  a  similar  random  digit  table. 

7.4  Begin  treatments  soon  after  the  celery 
plants  are  transplanted  in  the  field  or  ac¬ 
cording  to  laliel  directions. 

7.5  Apply  treatments  using  one  or  more 
of  the  following: 

7.5.1  A  row  crop  sprayer  adjusted  to  de¬ 
liver  the  desired  rate  In  gallons  per  acre  or 
liters  per  hectare. 

7.5.2  A  hand  sprayer,  applying  the  desired 
rate  in  gallons  per  acre  or  liters  per  hectare. 

7.5.3  A  hand  duster*  applying  measured 
amounts  per  ft,  acre,  or  hectare. 

7.6  Controls. 

7.6.1  Use  Bordeaux  Mixture  4-4-100  (4.5 
kg— 4.5  kg — 379  litre)  as  the  Standard  fui^- 
cide  treatment. 

7.63  Untreated  controls  shall  be  used  to 
determine  the  disease  severity  and  to  provide 
a  basis  of  comparison  of  the  treatments. 

8.  Data  Determinations. 

8.1  Visual  estimates  of  disease  incidence 
or  actual  counts  of  random  infected  leaves 
should  be  recorded  for  each  plot.  A  mean 
disease  incidence  for  each  treatment  should 
be  determined  and  the  percent  disease  con¬ 
trol  calculated  according  to  the  formula  be¬ 
low  (5,  6) : 


Disease  Incidence  _  Disease  Incidence 
Percent  Disease  Control  (PDC)  In  Control  (DIC)  in  ^•eatment  (PIT) 

^  Disease  Incidence  in  Control  (DIC) 


83  Analyze  the  variance  for  all  treat¬ 
ments  using  conventional  analysis  of  vari¬ 
ance  methods  (5)  and  express  significance 
of  results  at  the  95  percent  confidence  level. 

9.  Phytotoxlclty. 

9.1  The  type  of  phytotoxidty  should  be 
reported  together  with  the  percent  of  phyto¬ 
toxlclty.  Common  types  of  phytotoxlclty  are: 
Leaf  burning,  chlorosis,  and  stunting. 

10.  Reporting. 

10.1  The  following  information  should  be 
Included  in  reporting  test  results: 

10.1.1  Product  name  and  EPA  Registra¬ 
tion  Number. 

10.13  Active  Ingredlent(s)  and  percent¬ 
age  of  each. 

10.1.3  Bate  of  application. 

10.1.4  How  the  product  was  applied. 

10.13  Number  of  plants  per  treatment, 

'  or  m  (ft)  of  row. 

10.13  Number  of  replications. 

10.1.7  Spraying  or  dusting  dates. 
lO.lB  Mean  percent  disease  Incidence. 

10.13  Mean  percent  disease  control. 

10.1.10  Percent  phytotoxicity. 

10.1.11  Types  of  phytotoxlclty. 

10.1.12  Residue  present  In  marketable 
portions  of  plant. 

10.1.13  Variety  used. 

11.  Effectiveness. 

11.1  Effective  products  should  provide  a 
mean  disease  control  of  70  percent  or  more. 


Literature  Cited 

(1)  Cochran,  L.  C.,  "A  Study  of  Two  Sep¬ 
toria  Leaf  Spots  of  Celery,"  Phytopathol¬ 
ogy,  PHYTA,  V<rf.  22.  1932,  pp.  791-812. 

(2)  Owens,  C.  E..  Principles  of  Plant  Pathol¬ 
ogy,  John  Wiley  and  Sons.  Inc..  New  York, 
N.Y.,  1925,  pp.  469-474. 

(3)  Oabrielson,  R.  L.  and  Grogan,  R.  G.. 
"The  Celery  Late  Blight  Organism  Septoria 
apiicola.”  Phytopathology,  PHYTA,  Vol  54, 
1964,  pp.  1251-1257. 

(4)  Snedecor,  George  W.  and  Chochran,  Wil¬ 
liam  G..  Statistical  Methods,  6th  EdiUon. 
Iowa  State  University  Press.  Ames,  Iowa, 
1967. 

(5)  Horsfall.  J.  G.  and  Barratt,  J.  W.,  "An 
Improved  Grading  System  for  Measuring 
Plant  Diseases.”  Phytopathology,  PHYTA, 
Vol  35,  1945,  p.  655. 

(6)  Redman.  C.  E.,  King,  E.  P..  and  Brown. 
I.  F.,  Jr.,  Tables  for  Converting  Barratt  and 
Horsfall  Rating  Scores  to  Estimated  Mean 
Percentages.  Ell  Lilly  and  Co.,  Indianapolis, 
Indiana,  19OT. 

RECOMMENDED  FRACTICX  FOR  FIELD  EVALUATION 
OF  FUNGICIDES  USED  FOR  CONTROLLING  ROSE 
BLACK  SPOT  DISEASE 

(This  procedure,  TSD  Designation  6.305.1, 
was  prepared  by  Technical  Services  Division, 
OPP,  EPA,  and  is  being  considered  by  the 
American  Society  for  Testing  and  Materials. 
The  ASTM  format  has  been  retained.) 

■Scott  Model  A61  hand  duster  has  been 
found  satisfactory  for  this  purpose. 
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1.  Scope. 

1.1  This  method  Is  Intended  for  field 
evaluation  of  the  efficacy  of  fungicides  \ued 
for  the  control  of  rose  black  spot  disease. 

2.  Test  Site. 

2.1  Soil  suitable  for  rose  growth  and 
climatic  conditions  favorable  for  disease  de¬ 
velopment.  Overhead  irrigation  should  be 
available  to  establish  high  humidity,  where 
necessary.  Black  spot  disease  should  be  en¬ 
demic  In  the  test  area. 

3.  Climatic  Conditions. 

3.1  Spore  germination  and  Infection  are 
favored  by  temperatures  of  16  to  21*  C.  In¬ 
fection  requires  a  wet  leaf  surface  for  a 
period  of  6  to  7  h  (1,  2,  3) . 

4.  Test  Plants. 

4.1  Should  be  of  a  variety  such  as  Juliet, 
susceptible  only  to  black  spot  disease  and 
highly  resistant  to  other  foliar  diseases.  Other 
varieties  are  acceptable. 

5.  Organism. 

5.1  Bose  black  spot  disease  Is  caused  by 
Diplocarpon  roaae  Wolf.  Pathogenic  races  of 
Diplocarpon  rosae  have  been  reported  as 
differing  In  their  ability  to  cause  disease  in 
host  varieties  (4) . 

6.  Procedure. 

6.1  Use  a  randomized  block  design. 

6.2  Use  at  least  four  replications  per 
treatment.  More  replications  are  needed  In 
areas  where  the  disease  Incidence  is  light. 

6.3  Each  replication  should  consist  of  one 
or  more  bushes  of  the  subset. 


6.4  Treatments  should  be  arranged  ac¬ 
cording  to  Snedecor’s  Randomly  Assorted 
Digits  Table  (5) ,  or  eq\iivalent. 

6.6  Treatments  should  begin  before  the 
disease  appears,  or  according  to  label  direc¬ 
tions. 

6.6  Treatments  should  be  made  using  one 
or  more  of  the  following  depending  upon  use 
directions: 

6.6.1  A  power  sprayer  adjusted  to  deliver 
the  desired  rate. 

6.6.2  A  hand  sprayer. 

6.6.3  A  hand  duster. 

6.6.4  A  hose  sprayer. 

6.6.6  An  aerosol  or  low  pressure  sprayer. 

6.7  Plots  should  be  sprinkler  irrigated  for 

3  to  4  h  In  the  late  afternoon,  24  h  after 
treatment.  This  simulates  natiural  rainfall. 
If  at  least  2.6  mm  of  rain  falls,  do  not  Irrigate. 

7.  Controls. 

7.1  For  standard  control  ^ray,  use  Ben- 
late  50  W  227  g/370  liters  (8  oz/lOO  gal)  or 
Maneb  SOW  g/370  liters  (1^  lb/100  gal),  or 
other  known  effective  chemical,  whose  Iden¬ 
tity  and  rate  must  be  Indicated  In  report. 

7.2  Untreated  control  bushes  are  used  to 
determine  the  disease  severity  and  to  pro¬ 
vide  a  basis  for  comparison  of  the  treatments. 

8.  Data  Determination. 

8.1  Record  disease  Incidence  for  each 
treatment  replicate.  Use  either  the  visual  es¬ 
timate  method  of  Horsfall  and  Barrett  (6,  7) 
or  determine  the  percent  control  on  the  basis 
of  difference  between  averages  of  number  of 
lesions  on  treated  and  untreated  randomly 
selected  leaves. 

8.2  The  percent  disease  control  may  be 
calculated  as  follows: 


Disease  Incidence  _  Disease  Incidence 
Percent  Disease  la  Control  (DIC)  In  Treatment  (DIT) 
Control  (PDC)  Disease  Incidence  in  Control  (DIC)  ^ 

9.  Effectiveness.  Literature  Cited 


9.1  Effective  products  should  provide  a 
mean  disease  contool  of  70  percent  or  more. 

10.  Phytotoxicity. 

10.1  The  type  and  percentage  of  phyto- 
toxicity.  If  any,  shall  be  reported.  Common 
types  of  phytotoxlclty  are:  Leaf  burning, 
chlorosis,  and  stunting. 

11.  B^mrtlng. 

11.1  The  following  Information  should  be 
Included  In  reporting  testing  results: 

11.1.1  Product  name  and  EPA  Registra¬ 
tion  Number. 

11.1.2  Active  ingredient(s)  and  percent¬ 
age  of  each. 

11.1.3  Application  rate. 

11.1.4  How  the  product  was  applied. 

11.1.6  Niunber  of  plants  per  treatment. 

11.1.6  Number  of  replications. 

11.1.7  Spraying  or  dusting  dates. 

11.1.8  Mean  percent  disease  control. 

11.1.9  Mean  percent  disease  Incidence. 

1 1 .1 .10  Percent  phytotoxlclty. 

11.1.11  Types  of  phytotoxlclty. 

11.1.12  Light,  medium,  or  heavy  residue 
on  foliage. 

11.1.13  Color  of  residue. 

11.1.14  Analysis  of  variance  of  the  data. 
Express  significance  of  results  at  the  95  per¬ 
cent  confidence  level. 


1  Scott’s  Model  A61  hand  duster,  among 
others,  has  been  found  satisfactory  for  this 
purpose. 
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RECOMMENDED  PRACTICE  FOR  FIELD  EVALUATION 
OF  FUNGICIDXS  USED  FOR  CONTROLLING  ROSE 
RUST  DISEASE 

(This  procedure,  TSD  Designation  6.306.2, 

was  prepared  by  Technical  Services  Division, 

OPP,  EPA.  and  Is  being  considered  by  the 
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American  Society  for  Testing  and  Materials. 
The  ASTM  format  has  been  retained.) 

1.  Scope. 

1.1  This  procedure  la  Intended  for  field 
evaluation  of  the  efficacy  of  fungicides  used 
for  the  control  of  rose  rust  disease. 

2.  Tests  Site. 

2.1  Soil  suitable  for  rose  growth  and  cli¬ 
matic  conditions  favorable  for  disease  de¬ 
velopment.  Overhead  irrigation  should  be 
available  to  establish  high  humidity,  where 
necessary.  Rose  rust  should  be  endemic  in 
the  test  area. 

3.  Climatic  Conditions. 

3.1  Spore  germination  and  Infection  are 
favored  by  temperatures  of  18  to  24*C.  In¬ 
fection  requires  a  wet-leaf  surface  for  a 
period  of  4  h  (1). 

4.  Test  Plants. 

4.1  Should  be  a  variety  susceptible  only 
to  rose  rust  disease  and  highly  resistant  to 
other  foliar  diseases.  McGredy’s  Scarlet  vari¬ 
ety  is  highly  susceptible  to  rose  rust  disease. 

5.  Organism. 

5.1  Rose  rust  disease  Is  caused  by  Phrag- 
midium  mucronatum  (pers.)  Schlecht. 

6.  Procedure. 

6.1  Use  a  randomized  block  design. 

6.2  Use  at  least  four  replications  per 
treatment.  More  replications  are  needed  In 
areas  where  the  disease  Incidence  Is  light. 

6.3  Each  replication  should  consist  of  one 
to  six  bushes  of  McGredy’s  Scarlet  variety. 

6.4  ’Treatments  should  be  arrsmged  ac¬ 
cording  to  Snedecor’s  Randomly  Assorted 
Digits  Table  (2),  or  equivalent. 

6.6  Treatments  should  begin  before  the 
disease  i^pears,  or  according  to  label  direc¬ 
tions. 

6.6  Treatments  should  be  made  using  one 
or  more  of  the  following,  depending  upon  use 
directions: 

6.6.1  A  power  sprayer  adjusted  to  deliver 
the  desired  rate. 

6.6.2  A  hand  sprayer. 

6.6.3  A  hand  duster.^ 

6.6.4  A  hose  ^>rayer. 

6.6.6  An  aerosol  or  low  pressme  sprayer. 
6.7  Plots  should  be  sprinkler  Irrigated  for 

3  to  4  h  In  the  late  afternoon,  24  h  after 
treatment.  ’This  simulates  natural  rainfall. 
If  at  least  2.5  mm  of  rain  falls,  do  not  Ir¬ 
rigate. 

7.  Controls. 

7.1  For  standard  fungicide  spray,  use 
Maneb  80W  680  g/379  liter  (IV^  lb/100  gal), 
or  otiier  known  effective  chemical,  whose 
Identity  and  rate  must  be  Indicated  In  report. 

711  Untreated  control  bushes  are  used  to 
determine  the  disease  severity  and  to  provide 
a  basis  for  comparison  of  the  treatments. 

8.  Data  Determination. 

8.1  Record  disease  Incidence  for  each 
treatment  replicate.  Use  either  the  visual 
estimate  method  of  Horsfall  and  Barrett  (3, 
4)  or  determine  the  percent  control  on  the 
basis  of  difference  between  averages  of  num¬ 
ber  of  lesions  on  treated  and  untreated 
randomly  selected  leaves. 

8J2  ’The  percent  disease  control  may  be 
calculated  as  follows: 
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Percent  Disease 


Disease  Incl(lence_  Disease  Incidence 
«  .  ■  ■■■  .j  II  —  to  Control  (DlC)  In  Treatment  (DIT) 

Control  (PDC)  _  incidence  In  Control  (DIC) 
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9.  Effectiveness. 

9.1  Effective  products  should  provide  a 
mean  disease  control  of  65  percent  or  more. 

10.  Phytotoxicity. 

10.1  The  typo  and  percentage  of  phy- 
totoxlclty.  If  any,  shall  be  reported.  Common 
types  of  phytotoxlclty  are:  Leaf  burning, 
chlorosis,  and  stunting. 

11.  Reporting. 

11.1  The  following  Information  shoiild  be 
Included  in  reporting  testing  results: 

11.1.1  Product  name  and  EPA  Registra¬ 
tion  Number. 

11.1.2  Active  Ingredlent(s)  and  percent¬ 
age  of  each. 

11.1.3  Application  rate. 

11.1.4  How  the  product  was  applied. 

11.1.5  Number  of  plants  per  treatment. 

11.1.6  Number  of  replications. 

11.1.7  Spraying  or  dusting  dates. 

11.1.8  Mean  percent  disease  control. 

1 1.1 .9  Mean  percent  disease  Incidence. 

11.1.10  Percent  phytotoxlclty. 

11.1.11  Types  of  phytotoxlclty. 

11.1.12  Light,  medium,  or  heavy  residue 
on  foliage. 

11.1.13  Color  of  residue. 

11.1.14  Analysis  of  variance  of  the  data. 
Express  significance  of  results  at  the  95  per¬ 
cent  confidence  level. 
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BCCOMMEMSED  PtSCTICX  VOX  nXLD  EVALUATIOIT 

or  ruKGicmas  ttskd  fob  contbolung  rose 

POWDEBT  MmOEW  DISEASE 

(This  procedure,  TSD  Designation  6.305.3, 
was  prepared  by  Technical  Services  Division, 
OPP,  EPA,  and  Is  being  considered  by  the 
American  Society  for  Testing  and  Materials. 
The  ASTM  format  has  been  retained.) 

1.  So(^. 

1.1  This  procedure  Is  Intended  for  field 
evaluation  of  the  efficacy  of  fungicides  used 
for  the  control  of  rose  powdery  mildew 
disease. 

2.  Test  Site. 

2.1  Soil  suitable  for  rose  growth  and 
climatic  conditions  favorable  for  disease  de- 
velc^ment.  Overhead  Irrigation  should  be 
available  to  establish  high  humidity,  where 


necessary.  Rose  powdery  mildew  should  be 
endemic  In  the  test  area. 

3.  Climatic  Conditions. 

3.1  l^ore  germination  and  Infection  are 
favored  by  temperatures  of  18  to  24*  C  and 
relative  humidity  of  95  to  99  percent  (1,  2, 
3). 

4.  Test  Plants. 

4.1  The  test  plants  should  be  of  a  variety 
susceptible  only  to  powdery  mildew  dlsea^ 
and  highly  resistant  to  other  foliar  diseases. 
Dwarf  Crimson  Rambler,  White  Knight,  and 
Command  PerfcMinanoe  varieties  are  highly 
susceptible  to  powdery  mildew.  Other  highly 
susceptible  varieties  are  acceptable. 

5.  Organism. 

5.1  Powdery  mildew  disease  Is  caused  by 
Sphaerotheca  pannosa  (Wallr.)  Lev.  var. 
rosae  Wor. 

6.  Procedure. 

6.1  Use  a  randomized  block  design. 

6.2  Use  at  least  four  replications  per 
treatment.  More  replications  are  needed  when 
the  disease  Incidence  Is  light. 

6.3  Each  replication  should  consist  of  one 
bush  of  Dwarf  Crimson  Rambler,  and  one 
bush  of  each  other  suscept  used.  The  bushes 
may  be  planted  0.76  m  apart,  with  m 
buffer  zone  between  replications. 

6.4  Treatments  should  be  arranged  ac¬ 
cording  to  Snedecor’s  Randomly  Assorted 
Digits  Table  (4),  or  equivalent. 

6.5  Treatments  should  begdn  before  the 
disease  appears,  or  according  to  label  direc¬ 
tions. 

6.6  Treatments  should  be  made  using  one 
or  more  of  the  following,  depending  upon  use 
directions: 

6.6.1  A  power  sprayer  adjusted  to  deliver 
the  desired  rate. 

6.6.2  A  hand  sprayer. 

6.6.3  A  hand  duster.^ 

6.6.4  A  hose  grayer. 

6.6fi  Aerosol  or  low  pressure  sprayers. 

6.7  Plots  should  be  q>rinkler  Irrigated  for 
3  to  4  h  In  the  late  afternoon,  24  h  after 
treatment,  to  produce  a  period  of  high 
humidity.  If  at  least  2.5  mm  of  rain  falls,  do 
not  Irrigate. 

7.  Controls. 

7.1  For  standard  fungicide  spray,  use 
Pamon  15  cc  In  3.8  liter  of  water.  Other 
effective  chemicals  may  be  substituted,  whose 
Identity  and  rate  must  be  Indicated  In  report. 

7J2  Untreated  oontrol  bushes  are  used  to 
determine  the  disease  severity  and  to  provide 
a  basis  for  comparison  of  the  treatments. 

8.  Data  Determination. 

8.1  Record  disease  Incidents  for  each 
treatment  replicate.  Use  either  the  visual 
estimate  method  of  Horsfall  and  Barratt  (5, 
6)  or  determine  the  percent  oontrol  on  the 
basis  of  difference  between  averages  of  num¬ 
ber  of  lesions  on  treated  and  untreated  ran¬ 
domly  selected  leaves. 

8.2  The  percent  disease  control  may  be 
calculated  as  follows: 


Percent  Disease  Control  (PDC)  = 


Disease  Incidence  _  Disease  Incidence 
In  Control  (DIC)  In  Treatment  (DIT) 
Disease  Incidence  in  Control  (DIC ) 
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9.  Effectiveness. 

9.1  Effective  products  should  provide  a 
mean  disease  control  of  70  percent  or  more. 

10.  Phytotoxlclty. 


1  Scott’s  Model  A61  hand  duster,  among 
others,  has  been  found  satisfactory  for  this 
purpose. 


10.1  The  type  and  percentage  ^f  phyto¬ 
toxlclty,  if  any,  shall  be  reported.'^Common 
types  of  phjrtotoxlclty  are:  Leaf  burning, 
chlorosis,  and  stimtlng. 

11.  Reporting. 

11.1  The  following  Information  should  be 
Included  In  reporting  testing  results: 

1 1 .1 .1  Product  name  and  EPA  Registration 
Number. 
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11.1.2  Active  ingredient  (s)  and  percent¬ 
age  of  each. 

11.1.3  Ai>plication  rate. 

11.1.4  How  the  product  was  applied. 

11.1.5  Number  of  plants  per  treatment. 

11.1.6  Number  of  replications. 

11.1.7  Spraying  or  dusting  dates. 

11.1.8  Mean  percent  disease  Incidence. 

11.1.9  Mean  percent  disease  control. 

11.1.10  Percent  pl\ytotoxlclty. 

11.1.11  Types  of  phytotoxlclty. 

11.1.12  Light,  medium,  or  heavy  residue 
on  foliage. 

11.1.13  Color  of  residue. 

11.1.14  Analysis  of  variance  of  the  data. 
Express  significance  of  results  at  the  95  per¬ 
cent  confidence  level. 
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GREEKHOUSE  TEST  METHOD  FOB  ROSE  POWDEBT 
MILDEW  FUNGICIDES 

(This  method,  TSD  Designation  6.303,  was 
prepared  by  Technical  Services  Dlvlslcm,  OPP, 
EPA,  and  is  being  considered  by  the  Ameri¬ 
can  Society  for  Testing  and  Materials.  The 
ASTM  format  has  been  retained.) 

1.  Scope. 

1.1  This  method  is  Intended  for  use  In 
the  greenhouse  evaluation  of  follAr-iq>plied 
fungicides  for  the  control  of  rose  powdery 
mildew  Sphaerotheca  pannosa  (Wallr.)  Lev. 
var.  rosae  Wor. 

2.  Test  Fungus  and  Rose  Plants. 

2.1  'The  causal  organism  (S.  panruisa)  is 
an  obligate  parasite.  Cultiues  can  be  main¬ 
tained  on  susceptlMe  varieties  growing  in  the 
greenhouse. 

2.2  The  rose  variety  used  In  this  method 
is  Dwarf  Crimson  RamUer  which  Is  highly 
susceptible  to  Infection  by  S.  pannosa.  It  Is 
an  easily  grown  and  handled  host  for  cul¬ 
turing  S.  pannosa  Inoculum  In  the  green¬ 
house.  Other  highly  susceptible  rose  varieties 
may  be  substituted  for  Dwarf  Crimson  Ram¬ 
bler.  If  a  substitution  is  made  the  name  of 
the  variety  used  must  be  stated  when  test  Is 
reported. 

2.3  Grow  disease  free  host  plants  from 
rooted  cuttings  In  a  medium  consisting  of  1 
part  sand,  1  part  loam,  and  2  parts  peat  moss 
In  152  mm  clay  pots.  Incorporate  ground 
limestone  into  soli  mix  so  as  to  adjust  pH  to 
a  range  of  5.5  to  7.0.  Maintain  all  plants  In 
the  greenhouse  at  18  to  24'’C  day-  and  13  to 
18°C  night-temperatures.  Maintain  plants  In 
a  vigorous  growing  state  by  adding  plant  nu¬ 
trients  as  needed. 


1  Scott’s  Model  A61  hand  duster,  among 
others,  has  been  found  satisfactory  for  this 
purpose. 
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2.3.1  Regularly  water  plants  by  adding 
water  to  the  medium.  Do  not  splash  or  wet 
foliage  of  plants. 

2.3.2  Select  disease-free  test  plants  of 
uniform  size  and  vigor. 

3.  Treatment.  Standard  and  Control  (Check) 

Replications. 

3.1  Replicate  each  treatment  four  times 
and  Include  four  replicates  of  standard  fungi¬ 
cide  and  untreated  control  plants  In  each 
test. 

3.2  Arrange  plants  on  greenhouse  bench 
In  a  randomized  block  design. 

Note:  Parenthetical  arable  numbers  indi¬ 
cate  literature  citations  at  the  end  of  the 
paper. 

4.  Fungicide  Application. 

4.1  Apply  fungicide  applications,  whether 
sprays  or  dusts,  according  to  label  directions 
at  weekly  Intervals  for  a  total  of  four  ap¬ 
plications.  Test  plants  are  removed  from 
greenhouse  and  sprayed  with  a  DeVllblss 
paint  spray  gun  with  a  No.  30  head  at  172 
kPa  (25  psl)  while  the  plants  rotate  on  a 
compound  turntable  (1).  If  the  plants  are 
dusted  a  vacuum  duster  Is  used  (2).  Suffi¬ 
cient  dust  Is  placed  in  the  duster  cup  for  a 
good  coverage  of  the  plant  when  using  152 
mm  Hg  of  vacutim.  Use  pressurized  spray 
cans  as  directed  and  spray  plants  while  on  a 
compound  turntable.  After  spraying  the 
plants  are  returned  to  the  greenhouse. 


Percent  Disease  Control  (PDC)  = 

8.2  PV>ur  single  plant  replications  are 
rated  for  each  treatment.  Average  the  four 
readings  for  each  treatment  (DPT),  the  four 
readings  for  the  control  (DIG),  and  apply 
these  data  In  the  formula  given  above  for 
PDO. 

9.  Effectiveness. 

9.1  Effective  products  should  provide  a 
mean  disease  centred  of  70  percent  or  more. 

10.  Phirtotoxlclty. 

10.1  The  type  and  percentage  of  phyto- 
toxlclty,  If  any,  should  be  recorded  when  It 
l^>pears  or  at  the  same  time  mildew  ratings 
are  taken. 
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TEST  METHOD  FOR  EVALUATING  MILDKWSTAT8 
ON  leather 

(This  method,  TSD  Designation  6.202,  was 
prepared  by  Technical  Services  Division,  OPP, 
EPA,  and  Is  being  considered  by  the  American 
Society  for  Testing  and  Materials.  The  ASTM 
format  has  been  retained.) 

1.  Scope. 

1.1  Low  pressure  spray  bombs  and  liquid 
products  Intended  for  use  to  control,  prevent 
or  Inhibit  the  growth  of  fungi  which  cause 
mildew  on  various  articles  or  surfaces  must 
be  tested  to  demonstrate  fungistatic  effective¬ 
ness.  This  test  method  Is  applicable  in  con¬ 
nection  with  registration  and  enforcement 


5.  Standard  Fungicide. 

6.1  Use  appropriate  fungicide  as  a  stand¬ 
ard  depending  on  whether  a  product  Is  to  be 
used  as  an  eradlcant  or  a  protectant. 

5.1.1  If  an  eradlcant  is  being  tested  use 
Pamon,  1.3  percent,  30  cc  In  3.8  liter  of 
water. 

5.1.2  If  a  protectant  Is  being  tested  use 
Parnon,  1.3  percent,  15  cc  In  3.8  liter  of 
water. 

6.  Untreated  Control. 

6.1  Untreated  controls  (unsprayed  or  un¬ 
dusted 'plants)  shall  be  used  to  determine 
the  disease  Incidence  present. 

7.  Inoculation. 

7.1  Heavily  mildewed  plants,  controls 
obtained  from  previous  tests,  are  randomly 
arranged  (3.2)  throughout  the  test  plants  on 
the  greenhouse  bench.  The  conldla  are  dis¬ 
persed  dally  with  414  to  552  kPa  (60  to  80 
psl)  air  Jet.  Heavy  air  currents  from  fans 
will  also  discharge  conldla  and  can  be  used 
Instead  of  the  pressurized  air.  Disperse 
spores  when  spore  chains  are  eight  spores 
or  more  in  length. 

8.  Rating  System. 

8.1  Each  plant  Is  carefully  Inspected  and 
rated  for  powdery  mildew  Incidence  one  week 
following  the  fourth  spray  application.  The 
percent  disease  control  Is  determined  using 
the  following  formula  (3, 4) : 

Disease  Incidence 
In  Treatment  (DIT) 

_ i _ 1  V  joo 

Disease  Incidence  in  Control  (DIC) 

procedures  under  the  Federal  Environmental 
Pesticide  Control  Act  of  1972.  It  Is  designed  to 
determine  effectiveness  of  products  (iq>plied 
according  to  instructions  on  the  labeling)  to 
control  mildew  and  non-pathogen Ic  ftmgal 
growth  on  articles  or  surfaces  of  leather,  such 
as  book  covers,  luggage,  shoes,  and  sjiortlng 
goods.  It  also  Indicates  duration  of  protection 
afforded,  providing  a  basis  for  recommending 
repeat  applications.  Its  use  will  expedite  reg¬ 
istration  and  minimize  enforcement  action. 

2.  Summary  of  Method. 

2.1  The  test  is  conducted  by  treating  both 
sides  of  1-ln.  square  sections  of  vegetable 
tanned  cowhide  as  specified  in  label  direc¬ 
tions  for  use,  allowing  the  leather  sections  to 
dry,  then  on  both  sides  lightly  spraying  with 
an  inoculum  mixture  of  Aspergillus  niger  and 
Penicillium  variable.  Hie  squares  are  Incu¬ 
bated  individually  for  one  to  four  weeks  In 
453.59  g  (16-oz)  French  square  Jars  contain¬ 
ing  25.4  mm  (1  in.)  of  water.  Mildew  growth 
on  treated  and  untreated  leather  surfaces  Is 
visually  rated  weekly. 

3.  Apparatus. 

3.1  Glassware:  Two  1000-ml  Erlenmeyer 
flasks  or  other  fiasks  with  cotton  plugs  suita¬ 
ble  for  preparing  agar  and  for  preparing  the 
diluent.  Four  260-ml  Erlenmayer  flasks  with 
cotton  plugs,  heat  sterilized,  for  use  In  pre¬ 
paring  suspensions  of  conldla  (two  for  each 
fungxis).  Thirty  453.59  g  (16  oz)  French 
square  Jars  (10  for  treated  replications,  10 
for  untreated,  and  10  for  the  standard  fungi¬ 
cide)  .  Prepare  the  caps  by  center  drilling  and 
Inserting  3.175  mm  (Vi  In.)  brass  bolts  ap¬ 
proximately  12.7  mm  (Vi  In.)  In  length  for 
attaching  a  63.6  mm  (3V4  In.)  piece  of  #22 
nickel  chromium  wire,  tent  to  f<Mm  a  hmk, 
to  suspend  the  test  samples  38.1  mm  (IVi 
In.)  below  the  Jar  Ud. 

3.2  Tissue  grlndor  (Homogenlzer) :  No. 
4288B,  Arthur  H.  Thomas. 

3.3.  Atomizer:  DeVllblss  #162  (or  equiva¬ 
lent)  operated  at  68.95  kPa  (10  psl) . 

4.  Reagents  and  Materials. 

4.1  Test  Organisms. 

Note:  Superscript  arable  numbers  refer  to 
Information  footnotes  at  the  end  of  the 
paper. 


Disease  Incidence 
In  Control  (DIC) 
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4.1.1  A.  niger  (ATCC  6275).*  Maintain 
stock  cultures  on  neopeptone  agar  (10  g  neo¬ 
peptone,  20  g  dextrose,  20  g  agar,  and  1000 
ml  water) .  Incubate  new  stock  cultures  7  to 
10  days  at  25*C  (77*F),  then  store  at  2  to 
10*C  (35.6  to  60*F). 

4.1.2  P.  variable.'  Maintained  and  stored 
same  as  A.  niger. 

4.2  Leather:  Thirty  25.4-inm  (1-ln.) 

squares  of  vegetable  tanned  cowhide,  1.0  to 
1.5-mm  thick.  Punch  or  drill  a  bole  In  one 
corner  of  each  square,  6.35  mm  ( V4  In.)  from 
corner,  to  facilitate  its  suspension  on  a  wire 
hook. 

4.3  Standard  Fungicide:  0.5  percent  solu¬ 
tion  of  p-nltropbenol  In  95  percent  ethyl  al¬ 
cohol. 

5.  Procedure. 

5.1  Preparation  of  Conldial  Suspension: 
Place  approximately  12.7  mm  (Vi  in.)  neo¬ 
peptone  agar  Into  250-ml  Erlenmeyer  flask, 
plug  with  cotton,  autoclave  at  103.42  kPa  (15 
psl)  for  20  min.  Seed  desired  organism  {A. 
niger  or  P.  variable)  at  center  of  each  flask 
and  Incubate  for  7  to  10  days  at  25°C  (T/’F). 
Prepare  diluent  containing  0.85  percent  so¬ 
dium  chloride  and  0.2  percent  Iso-octyl- 
phenoxypolyethoxy-ethanol »  In  distilled 
water,  autoclave  at  103.42  kPa  (15  psl)  for  20 
min.  Pour  approximately  100  ml  of  cooled 
sterile  diluent  over  culture  surface  and  shake 
vigorously  to  dislodge  the  spores.  Pour  this 
spore  suspension  Into  heat-sterUized  tissue 
grinder  and  reciprocate  the  piston  several 
times  to  break  up  spore  chains.  Filter  suspen¬ 
sion  through  a  thin  layer  of  sterile  absorbent 
cotton  to  remove  spore  chains  and  hyphal  ele¬ 
ments.  Conldial  suspensions  may  be  stored  at 
2  to  lO’C  (35.6  to  50°F)  for  not  longer  than 
foiur  weeks.  Standardize  test  conldial  suspen¬ 
sions  to  contain  flve  million  conldla  per  ml 
(determine  by  spore  count  with  hemocytom- 
eter  counting  chamber*)  by  adding  sterile 
diluent. 

5.2  Treatment:  Place  ten  leather  squares 
in  use-dllutlon  of  product  for  three  min.  For 
pressurized  products,  leather  squares  are 
placed  on  a  perforated  rubber  mat  and  both 
sides  sprayed  with  product  for  specified  time 
at  recommended  distance.  When  label  direc¬ 
tions  do  not  specify  duration  of  spray, 
squares  should  be  sprayed  until  wet,  being 
careful  to  obtain  equal  wetting  on  both  sides 
at  test  specimen.  Dip  the  ten  leather  squares 
to  be  treated  with  the  standard  fungicide  for 
three  min  In  p-nltrophenol  solution,  or  ^>ray 
if  using  pressurized  product  (4.3).  Ten  con¬ 
trol  leather  squares  are  not  treated.  Dip  them 
In  95  percent  ethanol  for  three  min.  All 
squares  remained  free  from  mildew  growth, 
to  the  next  step. 

5.3  Place  equal  volumes  of  well  agitated 
A.  niger  and  P.  variabile  spore  suspensions 
(5.1)  In  a  #152  DeVllblss  atomizer  (or  equiv¬ 
alent).  maintain  agitation  and  lightly  ^ray 
both  sides  of  each  leather  square  with  the 
mixture. 

5.4  Incubation:  Suspend  leather  squares 
in  Indlvidiuil  453.59  g  (16  oz)  French  square 
Jars  containing  approximately  25.4  mm  (1 
In.)  distilled  water  and  Incubate  at  ap¬ 
proximately  28'’C  (82.4 *F) .  Tighten  the  caps, 
then  back  off  Vi  turn  to  allow  for  some  ven¬ 
tilation. 

6.  Determination  of  Results. 

6.1  Evaluation:  Observations  are  recorded 
weekly  for  four  weeks  or  until  abundant 
growth  occurs  on  the  treated  squares.  Visual 
observation  of  presence  or  absence  of  mold 
on  leather  squares  Is  the  criterion  lot  de¬ 
termining  the  effectiveness  of  the  test  prod¬ 
uct.  A  low-powMred  microscope  is  used  in 
settling  doubtful  cases. 

6.2  Interpretation:  For  an  acceptable 
product  every  treated  square  must  be  free 
frmn  fungal  growth.  The  results  of  this  test 
must  be  correlated  to  claims  made  on  the 
label.  The  directions  for  use  must  tpoeiif 
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retreatment  every  7,  14,  or  21  days,  depend- 
1  ig  on  the  length  of  time  all  treated  test 
squares  remained  free  from  mildew  growth. 

I  roducts  which  do  not  permit  growth  after 
fmr  weeks  of  Incubation  need  not  specify 
I  3treatment  schedules  other  than  "as  neces- 
t  iry." 

Footnotes 

>  Cultures  of  A.  niger  (ATCC  6275)  may  be 
rbtalned  from  American  Type  Culture  Col¬ 
lection,  12301  ParUawn  Dr.,  Rockville,  Md. 
10852. 

•Cultures  of  P.  variabile  NRRL  3765  (for¬ 
merly  classed  as  P.  glaucum)  are  available 
from:  ARS  Culture  Collection  Investigations 
Fermentation  Laboratory,  1815  No.  Univer¬ 
sity  St.,  Peoria,  m.  61604. 

•Triton  X-lOO,  Rohm  &  Haas  Co..  Phlla., 
Pa. 

‘For  detailed  Instructions:  Tuite,  John, 
Plant  Pathological  Methods  Fungi  and  Bac¬ 
teria,  Burgess  Publishing  Co..  Minneapolis, 
Minn.,  1969,  pp.  183-184. 

FABKIC,  CORDAGE  AND  FIBERS  (ROT,  DECAT,  MOLD 
AND  MILDEW  CONTROL) 

Federal  Test  Method  Standard.  December  31, 
1968.  Mildew  resistance  of  textile  materials: 
soil  burial  method.  Method  5762  in  Textile 
test  methods  No.  191.  General  Services  Ad¬ 
ministration,  Washington,  D.C. 

This  soil  burial  method  may  be  used  to 
support  claims  for  products  Intended  to  con¬ 
trol  rot  and  decay  and  mold  and  mildew  of 
textiles.  A  product  which  passes  this  test  will 
not  require  testing  by  the  mixed  culture 
method  for  use  on  fabrics  that  will  not  con¬ 
tact  soil. 

Federal  Test  Method  Standard.  December  31, 
1968.  Mildew  resistance  of  textile  materials: 
mixed  culture  method.  Method  6760  in 
Textile  test  methods  No.  191.  General 
Services  Administration,  Washington,  D.C. 

This  test  may  be  used  to  support  rot  and 
decay  and  mold  and  mildew  claims  when  the 
fabric's  use  will  not  contact  soil.  Products 
which  control  growth  for  a  4-wk  Incubation 
may  specify  retreatment  “as  necessary.” 

METHOD  OF  TEST  FOR  CONTROL  OF  FABRIC 
MnnEW  BT  FUNGISTATS 

(This  method,  TSD  Designation  6.203,  was 
prepared  by  the  Technical  Services  Division, 
OPP,  EPA.  The  format  follows  the  style  re¬ 
quirements  of  the  American  Society  for  Test¬ 
ing  and  Materials.) 

1.  Scope. 

1.1  Products  intended  for  use  to  control, 
prevent  or  inhibit  the  growth  of  fungi  which 
cause  mildew  on  various  articles  or  surfaces 
must  be  tested  to  demonstrate  fungistatic 
effectiveness.  This  test  method  Is  applicable 
in  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insec¬ 
ticide.  Fungicide  and  Rodentlclde  Act  of 
1972.  It  Is  designed  to  determine  effectiveness 
of  products  (applied  according  to  Instruc¬ 
tions  on  the  labeling)  to  control  mildew  and 
nonpatbogenic  fungal  growth  on  articles  or 
surfaces  composed  of  fabric.  It  also  indicates 
the  duration  of  protection  afforded,  thereby 
providing  a  basis  for  recommending  when 
to  repeat  applications. 

2.  Summary  of  Method. 

2.1  The  (»indldate  fungicide  Is  applied  to 
cotton  duck  strips  according  to  label  di¬ 
rections.  The  strips  are  dried  and  Inoculated* 
with  a  standardized  spore  suspension  of 
Aspergillus  niger  and  Penicillium  variabile. 
The  strips  are  then  suspended  over  water 
in  jars  and  Incubated  at  28  C.  The  fungal 
growth  Is  recorded  weekly  up  to  four  weeks, 
depending  upon  label  claims.  Any  variations 
from  the  four  week  test  period  are  noted  on 
the  report.  If  retreatment  Is  required  by  the 
label,  the  strips  are  retreated  according  to 
label  directions  and  so  noted  In  the  report. 


3.  Test  Organisms. 

3.1  A.  niger  (ATCC  6275).  Maintain  stock 
cultures  on  neopeptone  agar  i  or  other  suit¬ 
able  media.  Incubate  new  stock  cultures 
seven  to  ten  days  at  26  C,  then  store  at  2 
to  10  C. 

3.2  P.  variabUe  (NRRL  3765)*.  Maintain 
and  store  as  In  3.1. 

4.  Test  Fabric  Preparation. 

4.1  Cut  25  by  75  mm  strips  from  238  to 
474  g/m*  (10  to  20  oz/yd*)  single-filled  can¬ 
vas  duck.  Fabric  that  will  hang  without  curl¬ 
ing  excessively  is  preferable  •. 

4i!  Nutrient  additive:  The  number  of  In¬ 
valid  tests  due  to  failure  of  mildew  growth 
on  the  untreated  test  fabric  can  be  reduced 
or  eliminated  by  applying  a  nutrient  solu¬ 
tion  to  the  fabric.  The  following  Is  recom¬ 
mended: 

4.2.1  For  luxuriant  growth:  Glycerol  nu¬ 
trient  solution: 

Percent 


98.725 -  distilled  water 

1.0 -  glycerol 

0.1 .  KH,PO« 

0.1 .  NH,NO, 

0.025 . . .  MgSO,  7  H„0 

0.05 _  yeast  extract 

(pH  6.3) 


Prepare  In  a  flask  with  a  cotton  plug  and 
autoclave  at  103  kPa  for  20  min. 

4.2ii  A  sufficient  quantity  of  the  above 
solution  should  be  prepared  to  saturate  all 
the  fabric  to  be  used.  Soak  the  fabric  in  it 
for  three  min,  or  until  saturated  ‘.  The  excess 
liquid  should  be  expressed  with  the  Angers 
and  the  strips  dried  before  being  Inoculated 
and  placed  In  an  incubator.  Apply  nutrient 
additive  before  application  of  fungicide. 

6.  Preparation  of  Conldlal  Suspension. 

6.1  Place  approximately  13  mm  of  neopep¬ 
tone  agar  in  a  260-ml  Erlenmeyer  flask,  plug 
with  cotton  and  autoclave  at  103  kPa  for 
20  min.  After  cooling  Inoculate  with  the  de¬ 
sired  organism  (A.  niger  or  P.  variabile)  at 
the  center  of  each  flask  and  incubate  for 
seven  to  ten  days  at  25  C.  Prepare  a  diluent 
which  contains  0.86%  NaCl  and  0.06%  Triton 
X-100*  in  distilled  water.  Autoclave  at  103 
kPa  for  20  min.  Pour  approximately  100  ml 
of  the  (x>oled  sterile  diluent  over  the  culture 
surface  and  shake  vigorously  to  dislodge  the 
spores.  Pour  this  spore  suspension  into  a 
heat-sterlllzed  tissue  grinder  and  reclpr(x:ate 
the  piston  several  times  to  break  up  spore 
chains.  Filter  suspension  through  a  thin 
layer  of  sterile  absorbent  cotton  to  remove 
spore  chains  and  hyphal  elements.  Conldlal 
suspensions  may  be  stored  at  2  to  10  C  for 
not  longer  than  four  weeks.  Standardize  test 
conldlal  suspensions  to  contain  flve  million 
conldia  per  ml  (determine  by  spore  counts 
with  a  counting  chamber  •)  by  adding  sterile 
diluent. 

6.  Apparatus. 

6.1  Glassware:  Two  1000-ml  Erlenmeyer 
flasks  or  other  flasks  with  cotton  plugs  suit¬ 
able  for  preparing  agar  and  for  preparing  the 
diluent.  Four  250-ml  E:rlenmeyer  flasks  with 
(K>tton  plugs,  heat-sterlllzed,  for  use  In  pre¬ 
paring  suspension  of  conldia  (for  two  fungi) . 
Thirty  600cc  French  square  Jabs  (10  for  the 
treated  replications,  10  for  the  untreated 
and  10  for  the  standard  fimgicide) .  Prepare 
the  caps  by  center  drilling  and  Inserting  3 
mm  brass  bolts  (q>proxlmately  13  mm  in 
length  attaching  a  50  to  65  mm  piece  of  #22 
nickel  chromium  wire,  bent  to  form  a  hook, 
to  suspend  the  test  samples  In  the  Jar.  The 
hooks  should  support  the  fcdirlc  samples  so 
that  the  lower  ends  are  approximately  13  mm 
above  the  water. 

62  Tissue  grinder  (Homogenlzer)  No. 
4288B  Arthur  H.  Thomas. 

6.3  Atomizer,  DeVilbiss  #152  (or  other 
suitable  atomizer)  operated  at  69  kPa. 

7.  Standard  Fungicide. 

7.1  Prepare  a  solution  of  0.3%  o-phenyl- 
phenol  In  95%  ethanol. 


7.2  Dip  ten  fabric  strips  (from  4.)  in  the 

O. 3%  o-phenylphenol  solution  for  three  min, 
or  spray  until  wet  depending  on  product  be¬ 
ing  tested,  then  allow  to  dry  before  proceed¬ 
ing  with  Inoculation  (8.2) . 

Note:  Experience  has  Indicated  that  If 
cloth  lighter  than  238  g/m*  Is  used,  the  con¬ 
centration  of  the  Bt€indard  fungicide  will 
have  to  be  Increased  (0.5%  o-phenylphenol 
In  95%  ethanol)  to  obtain  mildew  control 
for  four  weeks. 

8.  Procedure. 

8.1  TYeatment:  Ten  fabric  strips  (from 
4.)  are  placed  In  the  use-dilution  of  the 
prcxiuct  for  three  min.  With  pressurized 
products,  fabric  strips  are  placed  on  a  per¬ 
forated  rubber  mat  and  sprayed  according  to 
label  directions  on  both  sides  with  the  prod¬ 
uct.  Where  label  directions  do  not  specify 
duration  of  spray,  fabric  strips  should  be 
sprayed  until  wet,  being  careful  to  obtain 
equal  wetting  on  both  sides  of  the  test  speci¬ 
men.  This  is  best  done  by  spraying  several 
light  applications  alternately  to  each  side  of 
the  specimen.  Include  the  ten  untreated 
strips,  as  controls.  All  samples  are  allowed  to 
dry  before  proceeding  with  inoculation  (8.2). 

8.2  .Inoculation:  Incxnilum  of  A.  niger  and 

P.  variabile  (5.1)  is  placed  in  the  DeVilbiss 
sprayer  on  a  50:50  basis  and  thoroughly  agi¬ 
tated,  then  lightly  sprayed  on  both  surfaces 
of  the  fabric  test  samples. 

8.3  Incubation:  The  fabric  samples  are 
then  suspended  In  Individual  500  cc  Jars 
containing  approximately  25  mm  of  water, 
and  incubated  at  approximately  28  C.  The 
cape  tightened,  then  becked  off  Vi  turn  to 
allow  for  some  ventilation.  Observations  are 
recorded  weekly  for  four  weeks,  or  until 
abundant  growth  occurs  on  treated  fabric, 
or  so  long  as  the  label  claims  (7, 14,  21,  up  to 
28  days) . 

9.  Evaluation. 

9.1  Visual  observations  of  presence  or  ab¬ 
sence  of  fungal  growth  on  any  of  the  speci¬ 
mens  Is  the  (criterion  for  determining  the  re¬ 
sults  of  the  test.  A  low-powered  microscope 
Is  used  In  determining  presence  of  fungal 
growth  In  doubtful  cases. 

9.2  The  results  of  this  test  must  be  cor¬ 
related  to  claims  to  be  made  on  the  label  or 
labeling.  The  directions  for  use  must  specify 
retreatment  every  7,  14,  or  21  days,  as  neces¬ 
sary,  depending  on  the  length  of  time  that 
all  of  the  test  strips  remain  free  from  mildew 
growth.  Products  which  do  not  permit 
growth  after  four  weeks  Incubation  may 
specify  "as  neceasary". 

Footnotes 

I  Neopeptone  agar  (also  known  as 
Sabouraud  Agar  modified  and  carried  as 
prepared  media  by  Dlfco  and  Baltimore 
Biological  Laboratory)  consists  of  1%  neo¬ 
peptone,  2%  dextrose,  2%  agar. 

•Cultures  of  P.  variabile  NRIiL  3766  (for¬ 
merly  classed  as  P.  glaucum)  are  available 
from:  ARS  Culture  Collection  Investigations 
Fermentation  Laboratory,  1816  North  Uni¬ 
versity  Street,  Peoria,  Illinois  61604,  or 
American  Type  Culture  Collection,  12301 
Parklawn  Drive,  Rockville,  Maryland  20852. 

•Single-filled  B-grade  canvas,  238  to  474 
g/m*  (10  to  20  oz/yd*)  can  be  obtained  from 
Testfabrlcs  Inc.,  200  Blackford  Avenue,  P.O. 
Box  63,  Middlesex,  N.J.  08846,  and  has  boen 
found  satisfactory  for  this  purpose. 

‘The  glycerol  acts  as  a  humectant  and 
consequently  tends  to  provide  a  more  equal 
distribution  of  moisture  to  all  areas  of  the 
substrate.  The  glycerol,  yeast  extract  and 
mineral  salts  also  provide  the  necessary  nu¬ 
trients  fat  fungal  growth. 

•Triton  X-100,  Rohm  &  Haas  Co.,  Phila¬ 
delphia,  Pa.,  or  other  suitable  non-lonlc 
wetting  agent  such  as  dloctyl  sodliun  sul- 
fosucclnate,  Fischer  Scientific  Co.,  as  Aerosol 
or  solid  A-349. 

•For  detailed  Instructions:  Tuite,  John, 
Plant  Pathological  Methods  Fungi  and 
Bacteria,  Burgess  Publishing  Co.,  Minne¬ 
apolis,  Minn.,  1969,  pp.  183-184. 
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TSST  METHOD  rOR  ETAI.UATING  MILDBWSTATS 
OH  HARD  SURrACBS 

(This  method,  TSD  Designation  6.201,  was 
prepared  by  Technical  Services  Division. 
OPP,  EPA,  and  Is  being  considered  by  the 
American  Society  for  Testing  and  Materials. 
The  ASTM  fcHinat  has  been  retained.) 

1.  Scope. 

1.1  Products  which  are  Intended  for  use 
to  control,  prevent  or  Inhibit  the  growth  of 
fungi  which  cause  mildew  on  various  articles 
or  surfaces  must  be  tested  to  demonstrate, 
fungistatic  effectiveness.  This  test  Is  designed 
to  determine  effectiveness  of  products 
(applied  according  to  Instructions  on  the 
labeling)  to  control  mildew  and  non>patho- 
genlc  fungal  growth  on  hard  surfaces  such 
as  painted  walls,  ceilings,  floors,  metal,  glass, 
tile,  porcelain,  and  plastic. 

2.  Summary  of  Method. 

2.1  The  test  Is  conducted  by  taking  6.45 
cm*  (1  In.  square)  glazed  tile  sections,  previ¬ 
ously  cleaned  and  sterilized.  Immersing  them 
in  or  spraying  them  with  the  candidate 
fungistatic  agent,  drying;  lightly  spraying 
with  an  Inoculum-food  solution,  redriflng, 
then  incubating  under  optimum  moisture 
and  temperature  conditions  for  one  week 
and  rating  fungal  growth  on  treated  and 
untreated  surfaces. 

3.  Apparatus. 

3.1  Glassware:  Two  1000  ml  Erlenmeyer 
flasks  or  other  flasks  with  cotton  plugs  which 
are  suitable  for  preparing  agar  and  for  pre¬ 
paring  the  diluent.  The  250  ml  Erlenmeyer 
flasks  with  cotton  plugs,  heat-sterlllzed,  for 
use  In  preparing  suspensions  of  conldla. 
Twenty-four  sterile  petrl  plates  (10  for  the 
treated  replications,  10  for  the  untreated,  4 
for  oven  drying) . 

3.2  Tissue  grinder  (Homogenlzer) :  No. 
4288B,  Arthur  H.  Thomas  C. 

3.3  Atomizer:  DeVUblss  #152  (or  eqiilv- 
alent)  operated  at  68.95  kPa  (10  psl). 

3.4  Ceramic  tiles:  Thirty  6.45  cm*  (1-ln.- 
square)  tiles  with  glazed  upper  surface, 
sterilized  for  2  h  In  hot  air  oven  at  180  *C 
(356T). 

4.  Test  Fungus  and  Materials. 

4.1  Recommended  test  organism:  Asper- 
gilhu  niger  ( ATOC  6275) .  Maintain  stodr  cul- 
tiuw  on  neopeptone  agar.*  Incubate  new  stock 
miltures  7  to  10  dajrs  at  25‘’C  (77*F),  then 
store  at  2  to  10*C  (35.6  to  50*F) . 

4.2  Choice  of  test  fungus  may  vary  de¬ 
pending  upon  label  claims  of  product  being 
tested.  If  control  of  fungi  other  than  A.  Niger 
Is  claimed  on  product  label,  use  of  any  other 
mildew  fungus  Is  permissible  provided  genus 
and  species  of  test  organism  are  stated.  Pre¬ 
pare  spore  suspensions  of  all  test  fungi  in 
the  same  manner  (5.1 ) . 

4.3  Agar:  Two  percent  water  agar  (20  g 
agar  per  liter  water) . 

4.4  Sterile  Czapek  solution:  Distilled  wa¬ 
ter  1000  ml;  Bodliun  nitrate  3.g;  Potassium 
dibasic  phosphate  1  g;  Potassium  chloride  OA 
g;  Magnesium  sulphate  0.5  g;  Ferrous  sul¬ 
phate  0.01  g;  Sucrose  30  .g. 

5.  Procedure. 

5.1  Preparation  of  Conldlal  Suspension: 
Place  approximately  12.7  mm  In.)  neo- 
p^tone-dextrose  agar  Into  250  ml  Erlen¬ 
meyer  flask,  plug  with  cotton  and  autoclave 
at  103.42  kPa  (15  psl)  for  20  min.  Seed  A. 
niger  Inoculum  at  the  center  of  the  flask  and 
Incubate  for  7  to  10  days  at  25*C  (77*F). 
Prepare  a  diluent  which  contains  0.85  percent 
sodium  chloride  and  0.2  percent  Triton  X-100 
In  distilled  water.  Autoclave  at  103.42  kPa 
(15  psl)  for  20  min.  Pour  approximately  100 
ml  of  cooled  sterile  diluent  over  the  culture 
surface  and  shake  vigorously  to  dislodge  the 


sporea.  Pour  spore  s\ispensk>n  Into  a  tissue 
grinder  which  has  been  heat-sterlllzed,  re¬ 
ciprocate  piston  several  times  to  break  up 
spore  chains.  Filter  suspension  through  a  thin 
layer  of  sterile  abeorbent  cotton  to  remove 
spore  chains  and  hyphal  elements.  Ckmldlal 
suspensions  may  be  stored  at  2  to  10*C  (35.6 
to  60*F)  for  not  longer  than  foiur  weeks. 
Standardize  conldlal  suspensions  to  contain 
flve  million  conldla  per  ml.  Determine  spore 
concentration  using  a  counting  chamber  and 
adjust  to  proper  concentration  with  sterile 
diluent.  To  prepare  test  suspension,  place  1 
ml  of  the  standard  conldlal  suspension  In  20 
ml  sterile  Czapek's  liquid  medium  and  agi¬ 
tate. 

Note:  Superscript  arable  numbers  refer  to 
Information  footnotes  at  the  end  of  the  paper. 

5.2  Standard  Fungicide. 

5.2.1  Prepare  a  solution  of  0.2  percent  o- 
phenylphenol  in  95  percent  ethanol. 

5.2.2  Place  ten  tiles  In  the  Standard  fungi¬ 
cide  (5.2.1)  for  3  min.  Drain  off  excess  liquid. 
Place  flve  tiles  In  each  of  two  sterile  petrl 
dishes  and  dry  for  40  min.  (longer  If  neces¬ 
sary)  at  37*C  (98.6'’F)  with  lids  ajar. 

5.3  Treatment:  Place  ten  tiles  In  use- 
dllutlon  of  test  product  for  3  min.  Drain  off 
excess  liquid.  Place  flve  tiles  in  each  of  two 
sterile  petrl  dishes  and  dry  for  40  min.  (longer 
if  necessary)  at  37*C  (98.6*F)  with  lids  ajar. 
For  pressurized  products,  tiles  are  placed 
glazed  surface  up  on  a  perforated  rubber  mat 
and  sprayed  for  speclfled  time  at  recom¬ 
mended  distance.  Tiles  are  then  drained, 
placed  In  sterile  petrl  dishes  and  dried  as 
described  above. 

5.4  Inoculation:  After  drying,  tiles  are 
lightly  sprayed  on  glazed  surface  with  A. 
higher-nutrient  suspension  as  previously  de¬ 
scribed.  Avoid  overspraying  to  prevent  pud¬ 
dling  and  washing  test  product  from  glazed 
surface.  Tiles  are  then  retinned  to  37*C 
(08.6*F)  oven  and  dried  with  petrl  dish  lids 
ajar.  Ten  sterile  untreated  tiles  are  Inocu¬ 
lated  and  dried  In  same  manner. 

5.5  Incubation:  Each  tile,  sprayed  side  up. 
Is  placed  In  an  Individual  petrl  dish  contain¬ 
ing  hardened  2  percent  sterile  water  agar.  To 
avoid  large  water  droplets,  usually  formed  by 
the  heavy  condensate  on  petrl  dish  lids  when 
hot  agar  Is  poured,  from  falling  onto  the  tile 
surface  and  diluting  the  product:  (1)  Allow 
the  plates  to  stand  and  dry  for  several  days 
before  they  are  used  In  a  test;  (2)  exchange 
the  wetted  lids  with  sterile  dry  lids;  or  (3) 
seal -the  tile  to  the  agar  surface  by  placing 
melted  agar  around  Its  periphery,  then  turn 
the  plate  upside  down,  nates  are  Incubated 
(preferably  In  a  wet-type  Incubator)  at  25*C 
(77*F)  for  seven  days. 

6.  Interpretation  of  Results. 

6.1  Visual  observation  of  presence  or  ab¬ 
sence  of  mold  or  fimgal  growth  on  tiles  Is  the 
criterion  for  determining  the  effectiveness  of 
the  test  product.  A  low-powered  microscope 
Is  used  In  settling  doubtful  cases.  Each  check 
tile  must  be  at  lease  50  percent  covered  with 
fxmgal  growth  to  consider  me  test  valid.  A 
prodrict  la  considered  to  pass  the  test  If  no 
growth  appears  on  any  of  the  treated  tiles  at 
the  end  of  seven  days  Incubation.  Products 
qualifying  under  this  test  must  bear  ade¬ 
quate  directions  for  use.  Including  a  state¬ 
ment  to  repeat  application  when  new  growth 
appears,  and  naming  some  of  the  appropriate 
hard  surfaces  (such  as  walls,  ceilings,  floors, 
and  counter  tops)  on  which  It  Is  Intended  to 
be  used. 

Footnotes 

*  Neopeptone  agar  composed  of  1  percent 
neopeptone,  2  percent  dextrose,  2  percent 

agar. 


METHOD  OF  TEST  FOR  COHTROI.  OF  WOOD  MIU>EW 
>T  FUNGISTATS 

(This  method,  TSD  Designation  6.204,  was 
prepared  by  the  Technical  Services  Division, 
OPP,  EPA.  The  format  follows  the  style  re¬ 
quirements  of  the  American  Society  of  Test¬ 
ing  and  Materials.) 

1.  Scope. 

1.1  Products  Intended  for  use  to  control, 
prevent  or  Inhibit  the  growth  of  fungi  which 
cause  mildew  on  various  articles  or  surfaces 
must  be  tested  to  demonstrate  fungistatic 
effectiveness.  This  test  method  Is  applicable 
In  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Environ¬ 
mental  Pesticide  Control  Act  of  1972.  It  Is  de¬ 
signed  to  determine  effectiveness  of  products 
(applied  according  to  Instructions  on  the 
labeling)  to  control  mildew  and  non-patho- 
genlc  fungal  growth  on  articles  or  surfaces 
composed  of  wood  which  has  not  been 
painted  or  coated  (a  common  cause  of  musty 
odors  In  basements  and  attics).  It  also  Indi¬ 
cates  the  duratlcm  of  protection  afforded, 
thereby  providing  a  basis  tor  recommending 
when  to  repeat  applications.  Its  use  will  ex¬ 
pedite  registration  and  minimize  enforce¬ 
ment  actions.  This  test  Is  not  satisfactory  to 
support  claims  to  control  rot  and  decay  of 
wood. 

2.  Summary  of  Method. 

2.1  The  candidate  fungicide  Is  applied  to 
wood  blocks,  following  label  directions.  After 
drying,  the  blocks  are  Inoculated  with  a 
mixed  spore  suspension  of  Aspergillus  niger 
and  Penicillium  variabile.  The  blocks  are  in¬ 
cubated  over  water  In  Jars  at  28  C  for  four 
weeks  after  which  the  presence  or  absence  of 
mold  growth  is  recorded. 

3.  Test  Organisms. 

3.1  Aspergillus  niger  (ATCC  6275).  Main¬ 
tain  stock  cultures  on  neopeptone  agar  (10 
g  neopeptone,  20  g  dextrose,  20  g  agar,  and 
1000  ml  distilled  water) .  Incubate  new  stock 
cultures  seven  to  ten  days  at  25  C,  then  store 
at  2  to  10  C. 

3.2  PenicilHum  variable  (NRRI  3765).* 
Maintain  and  store  as  In  31.1. 

4.1  Ponderosa  pine  {Pinus  ponderosu 
Laws.)  sapwood  blocks  approximately  2.5  by 
2 A  by  1.5  cm.  The  wood  shall  be  free  of  ex¬ 
cessive  resins,  knots,  growth  rings  or  other 
abnormalities.  Blocks  shall  be  surfaced  on 
four  sides  and  smooth.  Wood  sha.ii  be  kiin 
dried  after  sawing  to  avoid  Infestation  of 
wood  rotting  fimgl  and  any  wood  showing 
evidence  of  such  Infestation  shall  be  elimi¬ 
nated  as  test  material.  Condition  wood  at 
room  temperature  In  a  dry  room  to  15% 
moisture  content  before  weighing.  Calcu¬ 
lated  weight  shall  fall  between  6.0  and  7#  g 
per  16  cm*  ( 1  In.*) .  Blocks  containing  heart- 
wood  areas  shall  not  be  used  as  they  will  In¬ 
hibit  mold  growth  under  test  conditions. 
Each  block  Is  comer  drilled  to  allow  bang¬ 
ing  of  blocks  as  In  6.1,  or  other  means  of 
hanging  can  be  used. 

5.  Preparation  of  Conldlal  Suspension. 

5.1  Pour  approximately  50  ml  neopeptone 

agar  Into  250-ml  Erlenmeyer  flask,  plug  with 
cotton  and  autoclave  at  103  kPa  for  20  min 
Seed  the  desired  organism  (A.  niger  or  P. 
variabile)  at  the  center  of  each  flask  and  In¬ 
cubate  for  seven  to  ten  days  at  25  C.  Prepare 
a  diluent  which  contains  0.85%  NaCl  and 
0.06%  dloctyl  sodium  sulfosucctnste*  In  dis¬ 
tilled  water.  Autoclave  at  103  kPa  for  20 
min.  Pour  approximately  100  ml  of  the  cooled 
sterile  diluent  over  the  cultvue  surface  and 
shake  vigorously  to  dislodge  the  spores.  Pour 
this  spore  suqsenslon  Into  a  tUaue  grinder, 
heat-sterlllzed,  and  reciprocate  the  piston 
several  times  to  break  up  spore  pu_ 

ter  Bu^nslon  through  a  thin  layer  of  sterile 
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absorbent  cotton  to  remove  spore  chains  and 
hyphal  elements.  Conldial  suspensions  may 
be  stored  at  2  to  10  C  for  not  longer  than 
four  weeks.  Standardize  test  conidlal  sus¬ 
pensions  (1)  to  contain  five  million  conldia 
per  ml  (determine  by  spore  counts  with  a 
counting  chamber)  by  adding  sterile  diluent. 

6.  Apparatus. 

6.1  Glassware:  Two  1000-ml  Erlenmeyer 
flasks  or  other  flasks  with  cotton  plugs  suit¬ 
able  for  preparing  agar  and  for  preparing 
the  diluent.  Four  250-ml  Erleiuneyer  flasks 
with  cotton  plugs,  heat-sterilized,  for  use  in 
preparing  suspension  of  conldia  (for  two 
fungi).  Thirty  500  cc  French  square  Jars  (10 
for  the  treated  replications,  10  for  the  un¬ 
treated,  and  10  for  the  Standard  Fungicide). 
These  are  prepared  by  center  drilling  the 
caps  and  Inserting  3  mm  brass  bolts  approx¬ 
imately  13  mm  long  for  attaching  a  63  mm 
piece  of  #22  nickel  chromium  wire.  The 
wdre  is  bent  to  form  a  hook  on  the  end  and 
Is  used  for  suspending  the  test  samples  In 
the  Jar.  The  length  of  the  hook  from  the 
bottom  of  the  cap  to  the  bottom  of  the  hook 
shall  be  51  ±  6  mm. 

6.2  Tissue  grinder  (Homogenizer)  No. 
4288B  Arthur  H.  Thomas. 

6.3  Atomizer,  DeVllbiss  #152  (or  other 
suitable  atomizer)  operated  at  69  kPa. 

7.  Standard  fungicide. 

7.  Prepare  a  solution  of  0.5%  pentachlo- 
rophenol*  In  95%  ethanol. 

7.2  Dip  ten  xm treated  blocks  In  the  0.5% 
pentachlon^henol  solution  for  three  min 
and  allow  to  dry  before  proceeding  with  the 
next  step  (8.2) . 

73  When  testing  pressurized  products 
spray  Standard  fungicide  blocks,  in  a  hood, 
on  all  sides  with  the  solution  (7.1)  using  an 
atomizing  sprayer  and  allow  to  dry  before 
proceeding. 

8.  Procedure. 

8.1  Treatment:  Ten  untreated  blocks  are 
dipped  In  the  use-dilution  of  the  product  for 
three  min.  With  pressurized  products,  blocks 
are  placed  on  a  perforated  rubber  mat  where 
they  are  sprayed,  according  to  label  direc¬ 
tions,  on  all  sides  with  the  product.  Where 
label  directions  do  not  specify  duration  of 
spray,  blocks  should  be  sprayed  until  wet, 
being  careful  to  obtain  equal  wetting  on  all 
sides  of  the  test  specimen.  This  is  best  done 
by  spraying  several  light  applications  alter¬ 
nately  to  each  side  of  the  specimen.  Include 
the  ten  untreated  blocks  as  controls.  All 
samples  are  allowed  to  dry  before  proceeding 
to  the  next  step. 

8.2  Inoculation:  Inoculum  of  A.  niger  and 
P.  variabile,  prepared  as  previously  described. 
Is  placed  In  the  DeVllbiss  sprayer  on  a  60:50 
basis  and  thoroughly  agitated,  then  sprayed 
lightly  on  all  surfaces  of  the  test  blocks. 

8.3  Incubation:  The  blocks  are  then  hung 
In  Individual  500  cc  Jars  containing  approxi¬ 
mately  26  mm  of  water,  and  Incubated  at 
approximately  28*C.  The  caps  are  tightened, 
then  backed  off  %  turn  to  allow  for  some 
ventilation.  Observations  are  recorded  weekly 
for  four  weeks  or  until  abundant  growth  oc¬ 
curs  on  treated  blocks. 

9.  Evaluation. 

0.1  Visual  observation  of  mold  or  absence 
of  mold  on  any  of  the  specimens  is  the  cri¬ 
terion  for  determining  the  results  of  the  test. 
A  low-powered  microscope  is  used  in  set¬ 
tling  doubtful  cases.  The  untreated  control 
blocks  must  have  a  minimum  of  60%  fungal 
coverage  to  consider  the  test  valid. 

9.2  The  results  of  this  test  must  be  corre¬ 
lated  to  claims  made  on  the  label  or  labeling. 
The  directions  for  use  must  specify  retreat¬ 
ment  every  7.  14,  or  21  days,  as  necessary, 
depending  on  the  length  of  time  that  all  of 
the  test  blocks  ronaln  free  from  mildew 
growth.  Products  which  permit  growth  after 


four  weeks  Incubation  may  specify  retreat¬ 
ment  "as  necessary”. 

Footnotes 

*  Cultures  of  P.  variabile  NRRL  3766  (for¬ 
merly  classed  at  P.  glaucum)  are  available 
from:  ARS  Culture  Collection  Investigations 
Fermentation  Laboratory,  Northern  Utiliza¬ 
tion  Research  and  Development  Division, 
1815  North  University  Street,  Peoria,  Illinois 
61604,  or  American  Type  Chilture  Collection, 
12301  Parklawn  Drive,  Rockville,  Maryland 
20852. 

s  AEROSOL  OT  A-349,  Fischer  Sclentlflc 
Co.,  has  been  found  suitable  for  this  purpose. 

•  Baker  pentachlorophenol,  technical  grade, 
has  been  found  satisfactory  for  this  purpose. 
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This  method  may  be  used  for  determining 
the  effectiveness  of  fungicides  applied  at 
the  dry  end  of  paper  and  paperboard  manu¬ 
facture.  If  the  paper  or  paperboard  is  in¬ 
tended  for  uses  other  than  the  soap  indus¬ 
try,  the  test  may  be  modified  by  using  other 
organisms. 

USE-DILUnON  MILDEW  FUNCICTDAL  TEST 
METHOD 

(This  method,  TSD  Designation  6.206,  was 
prepared  by  the  Technical  Services  Division, 
OPP,  EPA.  The  format  follows  the  style  re¬ 
quirements  of  the  American  Society  for  Test¬ 
ing  and  Materials.) 

1.  Scope. 

1.1  Products  Intended  for  use  to  kill  fungi 
which  cause  mold  and  mildew  growths  must 
be  tested  to  demonstrate  "cldal”  effective¬ 
ness.  This  test  method  Is  applicable  In  con¬ 


nection  with  registration  and  enforcement 
procedures  under  the  Federal  Environmental 
Pesticide  Control  Act  of  1972.  It  is  suitable 
only  to  determine  effectiveness  to  kill  mildew 
organisms  (applied  according  to  label  direc¬ 
tions)  .  Residual  effectiveness,  if  Intended  or 
claimed,  must  be  demonstrated  using  dif¬ 
ferent  tests  depending  on  the  nature  of  the 
surfaces  or  articles  on  which  the  product  is 
to  be  used.  ’This  method  Is  especially  appli¬ 
cable  for  testing  products  which  are  applied 
after  dilution  with  water.  Its  use  will  expe¬ 
dite  registration  and  minimize  enforcement 
actions. 

2.  Reagents  and  Materials. 

2.1  Purity  of  water.  Unless  otherwise 
specified,  reference  to  water  shall  be  under¬ 
stood  to  mean  distilled  water  or  water  of 
equal  purity. 

2.2  Culture  Medium.  Neopeptone-neu- 
trallzer  broth.  Prepare  by  dissolving  0.7  g 
lecithin  (Asoletcing)  and  6.0  g  "Tween  80” 
(sorbltan  mono-oleate)  in  400  ml  of  hot 
water  and  boiling  until  dissolved.  Add  1.0  g 
sodium  thiosulfate,  10  g  neopeptone  and  20  g 
dextrose.  Adjust  to  pH  7.2  ±0.2  using  tris 
buffer  (2.2.1),  and  bring  volume  to  one  litre 
with  water  and  mix  thoroughly.  Place  10  ml 
of  this  medium  In  cotton -plugged  25  by  150 
mm  test  tubes  for  sterilization  and  use. 
Autoclave  at  103  kPa  (15  psi)  for  20  min. 

2.2.1  Tris  buffer  stock  solution:  O.IM. 
Dissolve  12.1  g  tris  (hydroxymethyl)  aml- 
nomethane  In  600  ml  water  and  bring  to  one 
litre.  Approximately  70  ml  of  this  buffer 
solution  Is  placed  in  1  litre  of  the  culture 
medium,  then  agitated  thoroughly  and  dis¬ 
tributed  to  test  tubes,  etc.  The  pH  of  the 
medium  will  be  approximately  7.4  before 
autoclaving  and  73  alter  autoclaving. 

2.3  Test  Organism.  Aspergillus  niger 
(ATCC  6275).  Maintain  stock  cultures  on 
neopeptone  agar  (10  g  neopeptone,  20  g 
dextrose,  20  g  agar,  and  1  litre  water).  In¬ 
cubate  new  stock  culture  7  to  10  days  at 
26*C,  then  store  at  2*  to  ICC.  Conldia  of 
required  resistance  siuwlve  10-min  exposure 
at  20°C  to  a  phenol  dilution  of  1:80  (2  parts 
6%  phenol.  6  parts  water),  but  not  to  a  1:70 
dilution  (2  parts  5%  phenol,  6  parts  water). 

2.4  Phenol:  Use  6%  stock  solution  and 
keep  in  well-stoppered  amber  bottle,  in  a 
cool  place,  protected  from  light.  [A  standard 
stock  solution  to  be  prepared  by  a  qualified 
chemist:  AOAC  Manual,  11th  Edition.  4.001 
(c)l. 

2  A  Sterile  distilled  water.  Prepare  stock 
supply  of  distilled  water  in  litre  flasks,  plug 
with  cotton,  and  autoclave  at  103  kPa  for 
20  min. 

2.6  Asparagine  solution:  Make  stock 
supply  of  0.1%  asparagine  solution  in  water 
in  Erlenmeyer  flasks  of  convenient  size,  plug 
with  cotton,  and  autoclave  at  103  kPa  for 
20  min.  Use  to  cover  metal  carriers  for 
sterilization  and  storage. 

2.7  Sodium  hydroxide  solution:  Approxi¬ 
mately  1  N  (4%).  (For  cleaning  metal 
carriers  before  use.) 

3.  Preparation  of  Conidlal  Suspension. 

3.1  Place  approximately  13  mm  (^  in.) 
of  neopeptone  agar  into  a  260  ml  Erlenmeyer 
flask,  plug  with  cotton  and  autoclave  at  103 
kPa  tor  20  min.  Seed  A.  niger  at  the  center 
of  the  flask  and  Incubate  for  7  to  10  days  at 
26'’C. 

311  Prepare  a  diluent  which  contains 
0.86%  NaCl  and  0.2%  Triton  X-100  in  dis¬ 
tilled  water.  Autoclave  at  103  kPa  for  20  min. 

3.3  Pour  approximately  100  ml  of  the 
cooled  sterile  diluent  over  the  culture  sur¬ 
face  and  shake  vigorously  to  dislodge  the 
spmres.  Pour  this  spore  suspension  Into  a 
tissue  grinder,  heat-sterilized,  and  recipro¬ 
cate  the  piston  several  times  to  break  up  the 
spore  chains.  Filter  suspension  through  one- 
half  layer  sterile  absorbent  cotton  to  remove 
spore  chains  and  hyphal  elements. 
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3.4  Conldial  suspensions  may  be  stored 
at  3  to  10°C  for  not  longer  than  four  weeks. 

3.5  Standardize  test  conldla  suspensions 
to  contain  five  million  conldla  per  ml  by 
adding  sterile  diluent  (3.2). 

3.6  Determine  by  spore  counts  with  a 
counting  chamber.^ 

Note. — Superscript  arable  numbers  refer 
to  Information  footnotes  at  the  end  of  the 
paper. 

4.  Apparatus. 

4.1  Glassware:  Twenty-four  lipless  25  by 
150  mm  test  tubes  with  cotton  plugs.  Six 
petrl  plates  15  by  100  mm  with  filter  paper. 
Two  250  ml  and  one  1000  ml  Erlenmeyer 
fiasks  with  cotton  plugs.  Sterilize  all  glass¬ 
ware  two  h  In  hot  air  oven  at  180*C. 

4.2  Transfer  needle :  A  5  to  8  cm  Pt.  alloy 
wire,  No.  18  to  23  B  &  S  gauge.  Make  5  mm 
right  angle  bend  at  end  of  wire  and  fit  other 
end  Into  suitable  holder. 

4.3  Racks  and  Baskets:  Any  convenient 
style. 

4.4  Water  Bath:  A  suitable  water  bath  for 
maintaining  20  °C  for  the  exposure  period  of 
the  product. 

4.5  Carriers:  Polished  Cylinders  (Penicil¬ 
lin  Cups),  8±1  mm  o.d.,  6±1  mm  l.d.,  length 
10  ±1  mm  of  type  304  stainless  steel*. 

4.6  Tissue  glnder:  (Homogenlzer)  No. 
4288B,  Arthur  H.  Thomas. 

6.  Operating  Technique. 

5.1  Soak  metal  carriers  (4.5)  overnight  In 
1  N  NaOH  (2.7),  rinse  with  tap  water  several 
times,  than  rinse  twice  with  distilled  water; 
place  cleaned  carriers  In  multiples  of  ten  In 
25  by  150  mm  test  tubes  with  closures  (or 
cotton  plugs)  and  cover  with  asparagine 
solution  (2.6).  Sterilize  at  103  kPa  for  20 
min,  cool,  and  hold  at  room  temperature. 
When  the  carriers  are  cooled,  pour  off  the  as¬ 
paragine  and  cover  with  standard  spore  sus¬ 
pension  of  A.  niger  (3).  and'allow  to  stand 
10  min.  Poxir  off  the  spore  suspension  and 
remove  the  metal  carriers  and  place  them 
(ten  each)  In  a  sterile  petii  plate  matted 
with  filter  paper.  Allow  them  to  dry  over¬ 
night  at  room  temperature  or  place  them  in 
an  oven  or  Incubator  at  37*C  for  2  h  with  the 
lids  ajar.  Place  10  ml  of  the  use-dilution  of 
the  product  in  each  of  ten,  25  by  150  mm 
test  tubes  with  closures.  Place  10  mm  of 
sterile  distilled  water  In  each  of  two,  25  by 
150  mm  test  tubes  with  closure  for  the  via¬ 
bility  control  (untreated  checks).  All  test 
tubes  are  placed  In  a  suitable  rack  and  sub¬ 
merged  in  a  water  bath  so  as  to  cover  the 
lower  2  In.  of  the  tubes.  Allow  the  tubes  to 
come  to  temperatxire  equilibrium  at  20*0, 
then  place  the  metal  carriers  In  the  test  tubes 
at  30  sec  Intervals.  When  the  carriers  have 
been  In  contact  with  the  product  for  10  min, 
remove  them  with  a  fiamed  needle  in  a  man¬ 
ner  so  as  to  drain  all  excess  liquid  from  the 
carriers  and  place  them  Individually  in  25 
by  150  mm  test  tubes  containing  10  ml  of 
neopeptone  neutralizer  broth  (2.2).  Immedi¬ 
ately  after  placing  carriers  In  test  tubes,  swirl 
tubes  3  times.  Incubate  all  tubes  at  25 *C 
for  at  least  three  days  before  evaluating  for 
the  presence  of  fungal  growth.  Negative  read¬ 
ings  In  ten  out  of  ten  replications  are  con¬ 
sidered  satisfactory  evidence  of  fungicidal 
activity  of  the  product.  TThe  viability  control 
should  read  p<^ltlve  In  both  imtreated 
replications. 

6.  Interpretation. 

6.1  The  results  of  this  test  must  be  cor¬ 
related  to  claims  to  be  made  on  the  label 
or  labeling.  Products  which  pass  this  test 
may  be  labeled  as  fungicides  or  mlldewcldes 
which  will  kill  or  destroy  mold  and  mildew 
organisms.  However,  If  the  product  does  not 


have  residual  effectiveness,  the  labeling  must 
state  "non-residual”  ot  “destroys  on  contact 
only”. 

Footnotes 

*For  detailed  instructions:-' Tuite,  John. 
1968.  Plant  Pathological  Methods  Fungi  and 
Bacteria,  pp.  183-184. 

•Plsher  Scientific  Company,  7722  Fenton 
Street,  Silver  Spring,  Maryland  20910. 
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Part  IV. — Product  Performance 

SUBPART  D. - TERRESTRIAL  HERBICIDES  AND 

PLANT  GROWTH  REGULATORS 

Pesticides  In  this  group  are  numerous  and 
extremely  diverse  In  their  physical  and 
chemical  properties.  Moreover,  they  are  ap¬ 
plied  differently  under  practical  use  situa¬ 
tions  In  the  field  and  Interact  variably  with 
the  environment  once  Introduced  into  the 
biosphere.  These  factors  directly  Infiuence 
both  biological  performance  (efficacy  as  a 
regulator)  and  residual  life  (dissipation  or 
persistence). 

Test  methods  for  these  pesticides  also, 
necessarily,  vary  widely.  For  herbicides,  cur¬ 
rently  by  far  the  most  Important  category 
economically,  test  methods  are  almost  as 
numerous  as  researchers  In  the  area  of  weed 
science.  For  some  of  the  more  subtle,  less 
definitive,  uses  of  plant  growth  regulators, 
however,  there  Is  a  paucity  of  published  re¬ 
ports  on  test  methods  or  protocols.  Testing 
under  actual  field  conditons  remains  the  only 
acceptable  method  for  evaluating  the  per¬ 
formance  of  plant  regulators. 

Distinct  limitations  may  be  noted  In  this 
subpart.  For  example,  in  the  section,  "Ter¬ 
restrial  Herbicides,”  priority  is  given  largely 
to  products  that  are  used  selectively  in  crop¬ 
lands.  Herbicldal  uses  on  noncropland 
and  industrial  sites  are  not  Included.  Nelthw 
are  the  uses  of  herbicides  In  forests  and  In 
specialty  home  and  garden  situations  dis¬ 
cussed.  Herbicides  for  aquatic  uses  are  dis¬ 
cussed  In  Part  IV.  Subpart  B.,  "Aquatic 
Pest  Control  Agents.”  Desiccants  and  de¬ 
foliants  are  also  omitted. 

The  discussion  of  plant  growth  regulators 
Is  not  fully  comprehensive.  Attention  has 
been  given  to  a  few  uses  that  are  representa¬ 
tive  of  products  presently  being  marketed. 


This  category  in  particular  will  need  to  be 
expanded  in  future  revisions. 

TERRESTRIAL  HERBICIDES 

Methods  reported  In  the  literature  for  test¬ 
ing  the  effectiveness  of  herbicides  vary  with 
the  compound,  crop,  location,  application 
equipment,  type  of  supplemental  cultural 
practices  and/OT  other  factmrs.  In  general, 
multiple  test  methods  are  required  to  prove 
the  effectiveness  of  a  given  compound.  The 
methods  selected  should  test  the  compound 
in  the  manner  In  which  it  Is  to  be  used  and  in 
a  manner  which  will  show  the  effect  of  field 
variables  on  the  compound’s  effectiveness. 
The  data  obtained  should  support  the  prod¬ 
uct  label  claims  and  should  be  repre¬ 
sentative  of  the  results  that  the  grower  will 
obtain  from  commercial  usage  of  the  product. 

Cropland  herbicides  may  be  i^iplied  as  pre¬ 
plant,  preemergence  and/or  postemergence 
applications.  The  terminology  used  In  ref¬ 
erence  to  such  applications  in  this  discussion 
of  test  methods  Is  defined  below: 

1.  Preplant  application.  An  application  of 
a  herbicide  made  before  planting  the 
cre^  to  control  weeds,  either  before  or  after 
the  weeds  emerge.  The  Interval  between 
the  herbicide  application  and  crop  planting 
and  the  stage  of  weed  growth  at  the  time 
of  application  should  be  Identified. 

2.  Preemergence  application.  An  applica¬ 
tion  of  a  herbicide  made  after  planting  and 
before  emergence  of  the  crop  to  control 
weeds,  either  before  or  after  the  weeds 
emerge.  The  Interval  between  the  planting  of 
the  crop  and  the  herbicide  application  and 
the  growth  stage  of  the  weeds  at  the  time 
of  application  should  be  identified. 

3.  Postemergence  application.  An  applica¬ 
tion  of  a  herbicide  made  after  the  emergence 
of  the  crop  to  control  weeds,  either 
before  or  after  they  emerge.  The  Interval 
between  crop  emergence  and  application 
should  be  identified  In  terms  of  time  or  crop 
growth  stage.  The  growth  stage  of  the  weeds 
at  the  time  of  application  should  also  be 
identified. 

Testing  Phases.  Field  trials  with  herbicides 
to  obtain  data  to  show  product  effectiveness 
and  usefulness  and  to  support  label  claims 
can  be  divided  Into  the  4  test  sequences  or 
phases  described  below: 

1.  Trials  designed  to  show  product  effec¬ 
tiveness  and  to  demonstrate  the  effect  of  field 
variables  on  effectiveness.  Trials  In  this  phase 
should  be  designed  to  study  those  variables 
encountered  under  actual  commercial  use 
conditions  that  might  Infiuence  the  prod¬ 
uct’s  effectiveness.  In  this  phase,  trials  may 
consist  of  small,  replicated  plots  In  2  or  more 
selected  test  sites.  Trials  should  be  designed 
to  provide  data  which  can  be  subjected  to 
statistical  analysis. 

2.  ’Trials  designed  to  confirm  product  effec¬ 
tiveness  and  to  develop  ^>ecific  label  claims. 
’These  trials  are  similar  in  design  to  those  in 
phase  1,  but  the  number  of  test  sites  are 
increased  to  represent  more  adequately  the 
major  production  areas  of  the  test  crop  and 
the  Introduced  variables  are  emphasized  less. 
As  soon  as  sufficient  data  are  available  to  sup¬ 
port  a  specific  label  claim,  the  product  should 
be  used  in  accmxlance  with  that  claim  In  sub¬ 
sequent  trials.  When  sufficient  data  are  avail¬ 
able  to  support  all  label  claims,  except  those 
requiring  large-scale  trails,  this  phase  Is 
completed. 

3.  ’Trials  designed  to  show  product  useful¬ 
ness  when  used  in  accordance  with  label 
claims.  This  phase  includes  specific  studies 
to  determine  the  effect  of  the  product  upon 
man,  his  environment  or  his  food  when  used 
according  to  directions  and  cautions  on  the 
label.  A  discussion  of  these  studies  Is  covered 
In  Part  VI.  Environmental  Chemistry 
Part  VII.  Hazard  Evaluatlmi  of  this  appendix. 
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4.  Trials  designed  to  ccmfirm  product  effec¬ 
tiveness  and  usefulness  when  used  In  accord¬ 
ance  with  labrt  claims  under  actual  commer¬ 
cial  use  conditions.  Trials  In  this  phase 
should  be  conducted  under  actual  commer¬ 
cial  use  ccmdltlons,  that  Is,  with  grower 
equipment,  under  grower  cultiiral  practices 
and  In  normal  crop  production  or  use  areas. 
Test  sites  should  be  representative  of  each 
State  or  geographical  area  in  the  major  pro¬ 
duction  or  use  areas  and  should  be  repre¬ 
sentative  of  the  different  growing  seasons  In 
each  area.  Plots  may  or  may  not  be  repli¬ 
cated,  but  they  should  be  large  enough  to 
reflect  actual  commercial  use  responses;  for 
example,  the  elimination  of  small  plot  effects, 
the  introduction  of  soil  type  variables  and 
the  Introduction  of  .  pest  incidence  variables. 
This  phase  may  also  be  used  to  obtain  data 
to  support  additional  label  claims  such  as 
aerial  and  mist  blower  applications. 

The  Investigator  should  make  a  major  ef¬ 
fort  to  use  methods  or  procedures  in  Phases 
1  and  2  that  will  provide  data  which  can  be 
directly  correlated  with  the  results  obtained 
In  phase  4. 

Herbicide  Application.  Wiese  (1972)  dis¬ 
cusses  the  Importance  of  precise  and  uniform 
application  of  herbicides,  along  with  the 
equipment,  techniques  and  procedures  re¬ 
quired  to  obtain  such  application.  The  prime 
consideration  In  the  application  of  herbi¬ 
cides,  whether  in  small  plot  or  large-scale 
trials.  Is  uniformity  of  compound  distribu¬ 
tion  and  coverage.  This  Is  true  in  preplant, 
preemergence  and  postemergence  applica¬ 
tions. 

The  application  equipment  used  in  testing 
herbicides  In  small  plots  In  phase  1  or  2 
should  be  designed  to  simulate  grower  equip¬ 
ment.  This  can  be  readily  accomplished  by 
using  the  basic  components  of  commercial 
iqjplication  equipment  In  the  design  of  the 
small-plot  equipment.  For  example,  nozzle 
types,  sizes  and  arrangements  can  be  Iden¬ 
tical  to  those  used  by  growers  for  ground 
sprayers  and  should  produce  comparable  re¬ 
sults;  or  single-row  commercial  granular  ap¬ 
plication  equipment  moimted  on  a  garden 
tractor  for  small-plot  trials  should  produce 
results  comparable  to  a  multiple  of  such 
xmlts  on  a  larger  tractor.  For  large-scale  trials 
In  phase  4,  commercial  application  equip¬ 
ment  should  be  used.  The  Importance  of  the 
number  of  gallons  of  diluent  used  In  the 
iq>pllcatlon  of  herbicides  depends  upon  the 
product  and  its  use.  In  applications  made  to 
the  soil  before  the  emergence  of  the  weeds, 
gallons  of  diluent  used  per  acre  may  not  be 
critical.  Uniform  coverage  Is  the  prime  con¬ 
sideration  and  is  directly  related  to  the  appli¬ 
cation  equipment.  In  applications  made  to 
emerged  weeds,  where  coverage  of  the  foliage 
Is  required,  the  gallons  of  diluent  required 
depends  upon  both  the  application  equip¬ 
ment  and  the  density  of  the  weed  foliage. 
For  these  latter  uses,  gallons  of  diluent  re¬ 
quired  should  be  included  as  a  study  Item, 
particularly  In  phase  1.  A  gallonage  range 
that  Is  adaptable  to  the  commercial  equip¬ 
ment  for  the  particular  application  should 
be  used. 

The  quantity  of  the  product  used  per  given 
area  depends  largely  upon  the  product  and 
the  weeds  to  be  controlled,  along  with  the 
residual  effect  desired.  Dosage  rates  should 
be  tested  In  phase  1  to  select  an  optimum 
range.  In  subsequent  testing,  rates  above 
and  below  the  optimum  rate  should  be  test¬ 
ed;  the  hl^er  rate  should  Indicate  the  crop 
safety  margin  and  the  lower  rate  should  In¬ 
dicate  the  minimum  effective  rate.  Test  rates 
In  phase  4  should  be  In  accordance  with  label 
claims. 

Trials  should  be  designed  to  provide  data  to 
support  the  optimum  number  and  timing 
ot  applications  fbr  effective  control  and  for 
crop  safety.  For  preplant  applications,  the 
Interval  between  the  herbicide  application 
and  crop  planting  should  be  studied  In  phase 
J  as  a  variable.  For  preemergence  applica¬ 


tions,  the  Interval  between  the  planting  of 
the  crop  and  the  herbicide  iq>pUcatlon  should 
be  studied.  For  postemergence  applications, 
the  interval  between  crop  emergence  and  ap¬ 
plication  should  be  studied  In  terms  of  time 
or  crop  growth  stage. 

Appropriate  commercial  standard  herbi¬ 
cides  at  label  rates,  along  with  untreated  con¬ 
trols,  should  be  Included  In  all  phase  1  and 
2  trials.  Weedy  and/or  cultivated  checks  may 
be  used  as  the  untreated  controls.  The  use 
of  both  types  of  checks  is  suggested  if  cul¬ 
tivation  Is  required  for  supplementary  weed 
control.  In  large-scale  phase  4  trials,  the  com¬ 
mercial  standard  in  use  by  the  grower  should 
be  included.  An  untreated  control  Is  desir¬ 
able. 

OTHER  CONSmERATIONS 

Crops.  Selected  major  varieties  and  types 
representative  of  the  crop  should  be  Included 
in  phase  1  trials.  In  selecting  varieties  and 
types,  the  Investigator  should  consider  those 
which  cover  the  range  of  growth  characteris¬ 
tics  for  the  crop  that  might  affect  the  com¬ 
pound’s  activity;  for  example,^  weak  versus 
strong  rooted,  fast  versus  slow  growing  and 
early  versus  late  maturity.  If  no  varietal  re¬ 
sponse  to  the  compound  Is  shown  In  these 
early  trials,  the  varietal  choice  In  subsequent 
phases  Is  not  critical  and  the  investigator  can 
use  those  varieties  most  adaptable  to  his  test 
site.  If  a  varietal  response  is  noted  in  phase 
1  trials,  subsequent  trials  should  include 
varieties  and  types  as  a  variable. 

The  planting  rate  should  be  within  the 
range  recommended  for  the  crop  In  the  par¬ 
ticular  test  area.  Row  spaclngs  common  to 
the  crop  In  the  test  area  should  normally 
be  used.  For  some  crops.  It  may  be  desirable 
to  Include  the  extremes  In  recommended  row 
spacings  to  study  shading  effects.  A  range  of 
planting  depths  within  the  range  recom¬ 
mended  for  the  crop  should  be  Included  in 
phase  1  studies  with  preplant  and  preemer¬ 
gence  applications.  Data  obtained  from  these 
trials  should  reflect  any  effects  of  varying 
planting  depths  on  the  Incidence  of  crop  In¬ 
jury  that  might  be  encountered  under  com¬ 
mercial  use  conditions.  In  subsequent  trials, 
commercial  planting  equipment  at  recom- 
nwnded  depth  settings  should  be  used.  If 
planting  depth  Is  found  to  be  a  critical  vari¬ 
able,  crop  emergence  and  crop  Injury  ratings 
should  be  taken  from  all  trials. 

CtUtitral  Practices.  Cultural  practices  for 
a  given  crop  vary  from  production  area  to 
production  area  and  frequently  from  grower 
to  grower  within  an  area.  The  effects  of  cul¬ 
tural  pracUcee  on  the  product’s  effective¬ 
ness,  therefore,  are  Important. 

Selected  methods  of  seed-bred  preparation 
common  to  the  test  crop  should  be  studied. 
In  phase  1  trials.  It  Is  suggested  that  such 
methods  cover  the  extremes  from  poorly  to 
well  prepared  seed-beds  to  study  effects  of 
clods  and  plant  debris  on  product  effective¬ 
ness.  These  extremes  should  be  within  the 
limits  normally  encountered  by  growers.  If 
seed-bed  preparation  does  not  affect  weed 
control  In  these  early  trials,  the  seed-bed 
preparation  In  subsequent  trials  is  not 
critical. 

Cultivation  practices  should  be  those  com¬ 
mon  for  the  crop  in  the  test  site.  Since 
many  crops  are  being  grown  under  mini¬ 
mum  tillage  practices,  it  may  be  desirable 
In  phase  1  trials  to  determine  the  effective¬ 
ness.  both  Initial  and  residual,  of  the  prod¬ 
uct  without  cultivation.  If  cultivation  la 
required  to  supplement  the  product’s  effec¬ 
tiveness,  subsequent  trials  In  phase  2  should 
be  desired  to  show  the  effects  of  the  prod¬ 
uct  used  without  cultlvatlim.  the  effects  of 
cultivation  only  and  their  combined  ^ects. 
Some  cultivation  practices  may  reduce  the 
effectiveness  of  the  product  through  move¬ 
ment  of  untreated  soil;  these  should  be 
recognized  and  studied  as  variables.  Trials 
In  phase  4  will  be  Influenced  by  the  investi¬ 
gators’  choice  In  grower  cooperators.  Coop¬ 


erators  should  be  selected  who  are  knowl- 
edgable  In  the  orq^w,  pests  and  land  man¬ 
agement  practices  reflected  In  the  label 
claims  to  be  supported. 

Irrigation  practices  should  be  studied  as 
a  variable  If  the  product  is  to  be  used  In  ir¬ 
rigated  area.  ’The  Influence  of  different 
Irrigation  practices  must  be  studied  in  the 
use  area  and  is  best  studied,  therefore,  in 
phase  2  or  4. 

Normally,  fertilization  practices  are  not  a 
consideration  in  testing  herbicides  and 
should  be  within  the  range  recommended 
for  the  crop  In  the  test  site. 

Soil  and  Climatic  Factors.  Selected  soil 
types  available  within  test  sites  in  phase  1 
should  be  Included  In  trials  with  preplant, 
preemergence  and  postemergence  applica¬ 
tions,  especially  where  the  product  is  used 
primarily  for  preemergence  weed  control.  In 
subsequent  trials.  In  phases  2  and  4,  soil 
types  should  be  considered  in  choosing  test 
sites.  Variations  In  soil  types  at  a  given  site 
also  should  be  a  consideration  In  phase  4, 
and  rating  of  weed  control  and  crop  safety 
should  reflect  the  effects  of  these  variations. 

Records  of  adverse  climatic  conditions  and 
the  Influence  of  rainfall  and  temperature  on 
the  effectiveness  of  the  product  should  be 
maintained  in  all  trials.  Test  sites  chosen 
for  phases  2  and  4  should  be  representative 
of  the  use  areas  and  use  seasons  and  should 
provide  the  data  required  to  show  the  rela¬ 
tionship  between  rainfall  and/or  tempera¬ 
ture  and  product  effectiveness. 

Measuring  Plant  Responses.  Frans  (1972) 
discusses  plot  designs  and  fleld  evaluation 
procedures  along  with  statistical  treatment. 
For  registration  purposes,  adequate  counts 
and/or  ratings  should  be  taken  to  show  the 
effectiveness  of  the  compound  against  In¬ 
dividual  weed  species  and  to  show  crop 
safety.  For  preplant  and  preemergence  ap¬ 
plications,  data  should  be  taken  on  crop 
emergence,  stand,  crop  Injui^  and  weed  con¬ 
trol.  Periodic  ratings  should  be  taken  to 
reflect  time  and  percent  emergence.  The 
data  on  crop  Injury  and  weed  control  should 
show  Initial  and  final  responses,  with  suffi¬ 
cient  ratings  In  between  to  show  progres¬ 
sion  or  regression  of  symptoms.  Similar  data 
on  crop  Injury  and  weed  control  should  be 
taken  for  postemergence  applications.  When¬ 
ever  possible,  the  crop  injury  or  weed  con¬ 
trol  data  should  be  Interpreted  In  terms  of 
"acceptability;**  this  can  be  done  by  ref¬ 
erence  to  the  commercial  standard  or  to 
the  untreated  control,  or  by  reference  to  ac¬ 
cepted  rating  systems,  such  as  yield  and 
quality  (grades)  of  the  produce. 
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PLAIfT  GROWTH  RZGin.ATORS 

Many  bloassay,  laboratory  and  greenhouse 
methods  have  been  published  for  the  detec¬ 
tion  of  chemicals  which  modify  plant  growth. 
Only  a  few  published  methods  are  available, 
however,  for  evaluating  the  potential  com¬ 
mercial  utility  of  these  chemicals  under  fleld 
oandltlons. 

Testing  under  actual  fleld  conditions  re¬ 
mains  the  only  acceptable  method  for  evalu¬ 
ating  the  efficacy  ot  potential  plant  regula¬ 
tors.  Because  responses  obtained  with  plant 
regulators  cover  such  a  wide  range,  for 
exanq>le,  bud  Inhibition,  berry  size  Increase, 
fruit  coloring.  q>eclflc  fl^d  test  methods  are 
outlined.  These  are  based  to  a  large  extent 
on  methods  employed  to  evaluate  the  efficfu;y 
of  growth  regulators  presently  marketed.  New 
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methoda  and  protocols  for  evaluating  plant 
growth  regulators  are  continually  being 
developed  because  both  new  uses  and  new 
chemicals  are  being  sought.  In  all  cases,  how¬ 
ever,  data  obtained  from  field  tests  must 
support  the  label  claims  for  the  product  and 
must  be  representative  of  the  results  that 
the  producer  can  expect  when  the  product  Is 
used  In  accordance  with  label  Instructions 
under  commercial  conditions. 

CONTROL  or  AXILLARY  BUD  (SUCKER)  GROWTH 
ON  TOBACCO 

Plant  growth  regulating  chemicals  have 
been  developed  which  prevent  the  growth  of 
suckers.  These  growth  Inhibiting  chemicals 
may  be  divided  Into  2  types:  Systemic  and 
contact.  The  systemic  regulators  are  applied 
as  sprays  to  leaves,  are  absorbed  by  the  plant 
and  are  translocated  throughout  the  plant, 
but  especially  to  the  merlstematlc  areas  of 
the  axillary  buds.  The  contact  t3rpe  sucker 
control  chemicals  are  also  applied  as  sprays 
but  are  directed  down  the  stalk  so  that  they 
contact  the  axillary  buds.  They  kill  the  small 
suckers  without  damaging  more  mature  leaf 
tissue.  Test  methods  and  factors  affecting  the 
efficacy  of  various  tobacco  sucker  control 
agents  have  been  discussed  In  a  number  of 


publications  (Collins  et  al.,  1972;  Seltmann 
and  Priest,  1972;  Seltmann  and  Marshall, 
1967;  Smith  et  al..  1971;  Steffens  et  al., 
1969a;  Steffens  et  al.,  1969b;  and  Spaulding 
et  al..  1970) . 

The  Regional  Tobacco  Growth  Regulator 
Committee,  composed  of  State  and  Federal 
researchers,  extension  workers,  representa¬ 
tives  of  tobacco  and  chemical  Industries  and 
representatives  of  the  Environmental  Pro¬ 
tection  Agency,  have  worked  together  to 
evaluate  new  plant  growth  regulating  chemi¬ 
cals  potentially  useful  in  tobacco  produ<rtion. 
Two  types  of  field  tests  are  conducted  an¬ 
nually,  usually  at  IS  locations  In  10  States. 
Tobacco  Is  evaluated  with  respect  to  efficacy 
of  treatment,  agronomic  characteristics,  Com¬ 
mercial  useablllty,  chemical  and  physical 
properties  and  smoke  taste.  Samples  of  known 
history  are  made  available  for  assessment  of 
residues  of  applied  chemicals. 

The  fiow  chart  (Figure  1)  siunmarizes  the 
progression  of  tests  established..  After  each 
test,  the  Committee  will  evaluate  the  date 
to  determine  if  any  entry  is  eligible  for  the 
next  test  In  the  progression.  After  company 
proprietary  tests,  the  Committee  makes  rec¬ 
ommendations  to  the  Environmental  Protec¬ 
tion  Agency  regarding  label  registration. 


'  APPENDIX  TO  GUIDELINES  FOR  REGISTERING  PESTICIDES 
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Figure  1.  Tecting  Sehemetle  for  Tobacco  Sucker  Control. 
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TEST  CHEMICALS 

New  Chemicals.  These  include  structures, 
mixtures  or  sequential  treatments  of  chemi¬ 
cals  not  previously  tested.  Two  or  more 
chemicals  to  be  treated  In  sequential  appli¬ 
cations  will  be  considered  “one”  treatment. 
If  sequential  treatments  involve  2  new  chem¬ 
icals  or  one  new  chemi(»il  and  one  which 
has  already  been  passed  by  the  Committee, 
the  treatment  will  be  considered  a  new 
chemi(»l. 

Modified  Chemicals.  These  include  formu¬ 
lations  of  previously  approved  chemicals 
which  have  been  slightly  altered  (salt  form. 
surfa(H:ant,  etc.).  The  company  submitting 
the  chemical  must  supply  data  to  indicate 
if  the  entry  is  to  be  considered  a  modified 
chemical. 

TYPES  OF  TESTS  AND  TEST  METHODS 

There  are  4  sequential  levels  of  testing: 
company  preliminary  tests;  regional  pre¬ 
liminary  tests;  regional  advanced  tests;  and 
company  proprietary  tests. 

Company  Preliminary  Tests.  These  tests 
are  field  trials  conducted  by  cheml(»l  com¬ 
panies  to  compile  data  to  Justify  entry  of  a 
chemical  into  the  regional  testing  program. 
The  test  requirements  Include: 

1.  Minimum  of  2  fiue-cured  and  2  hurley 
tobacco  lo<»tlons.  If  the  chemical  Is  to  be 
entered  In  both  fiue-cured  and  air-cured 
tobacco  classes.  Both  locations  for  any  1  class 
are  to  be  in  the  area  where  the  class  is 
normally  produced. 

2.  15-plant  plots  (nonrepllcated). 

3.  Efficacy  based  on  sucker  weight  and 
number:  the  test  chemical  must  be  90  per¬ 
cent  as  effective  as  the  performance  of  the 
appropriate  standards  included  in  the  same 
test.  (See  Test  Standards.)  Data  are  to  be 
obtained  tor  flue-cured  tobacco  2  wks  after 
treatment  (observational)  and  at  final  har¬ 
vest  (sucker  number  and  green  weight) .  For 
hurley  tobacco,  sucker  number  and  green 
weight  are  to  be  taken  at  harvest. 

4.  Phytotoxlclty  data  taken  at  the  appro¬ 
priate  stage  (scale  0  to  5) ;  leaf  drop  is  to  be 
noted. 

6.  Records  of  cultural  practices  and  en¬ 
vironmental  conditions. 

Regional  Preliminary  Tests.  These  tests 
are  conducted  by  State  or  Federal  agricul¬ 
tural  experiment  station  scientists  who  are 
Committee  members.  General  testing  re¬ 
quirements  are: 

1.  The  formulation  of  the  chemical  (or 
closely  related  formulation)  must  have  been 
tested  on  field-grown  tobac(x>. 

2.  Each  person  conducting  the  test  must 
know  the  chemical  composition  of  the  active 
Ingredient  on  a  confidential  basis. 

3.  The  company  Is  to  supply  all  Informa¬ 
tion  available  on  toxicity  to  humans,  ani¬ 
mals,  etc.  and  any  Information  available 
on  the  breakdown,  persistence,  action,  etc. 
of  the  chemical. 

4.  The  company  Is  to  supply  sufficient 
quantities  of  the  formulated  cbeml(»l  to 
(xinduct  the  tests  at  all  proposed  locations. 
The  formulated  chemical  is  to  be  packaged 
In  containers  which  can  be  shipped  to  the 
Individual  locations  by  the  ^lecific  dates 
stipulated  by  the  Committee. 

6.  The  company  submitting  the  chemical 
Is  to  suggest  a  rate  and  U  to  specify  whether 
the  cbemi(xil  will  be  used  alone  or  as  part 
of  a  sequential  treatment.  The  company  also 
Is  to  Indicate  If  It  Is  to  be  considered  a 
new  or  modified  chemica^. 

6.  After  application  of  the  formulation, 
and  during  the  test,  the  research  worker 
will  determine,  by  visual  observation,  the 
potential  of  the  chemical  for  achieving  the 
desired  results.  This  Information  will  be  for¬ 
warded  Immediately  to  the  coordinator  for 
that  tobacco  class  so  that  information  on 
efficacy  across  a  particular  class  can  be 
summarized.  After  a  decision  is  made  by  the 
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coordinator,  based  on  the  information  avail¬ 
able,  complete  data  will  be  collected  from 
only  those  treatments  showing  the  desired 
results. 

Field  test  procedures  and  data  reqiiire- 
ments  for  regional  preliminary  tests  include 
the  following: 

1.  Suggested  distribution  for  flue -cured 
tobacco,  6  locations;  for  burley  tobacco,  4 
locations;  for  cigar  filler  tobacco,  2  locations; 
for  dark  tobacco,  2  locations;  and  for  Mary¬ 
land  tobacco,  1  location. 

2.  30-plant  plots  (nonrepllcated). 

3.  Agronomic  observations. 

a.  Efficacy  based  on  percent  sucker  centn^ 
by  weight. 

b.  Phytotoxicity  data  taken  after  2  days 
and  at  a  maximum  manifestation  (0  to  5 
scale).  Leaf  drop  is  to  be  noted. 

c.  Yield. 

4.  Cured  leaf  data  (on  successful  entries 
only). 

a.  Quality  evaluations  based  on  percent 
usable  by  tobacco  companies. 

b.  Chemical  and  physical  properties  (com¬ 
posite  sample  by  class).  (See  Table  1.) 

c.  Smoke-taste  tests  to  Include  major  off- 
flavor  screening  only.  (Tobacco  companies 
conducting  smoke  panel  tests  must  know 
identity  of  applied  chemicals.) 

d.  Residue  determinations  reported  to  the 
Committee  for  information  purposes  only. 

Requirements  for  passing  the  regional  pre¬ 
liminary  test  are  listed  below.  (See  also  Test 
Standards.) 

1.  Minimum  sucker  control  based  on  sucker 
weight  must  be  90  percent  as  effective  as  the 
performance  of  the  iq)proprlate  standards  In¬ 
cluded  in  the  same  test. 

2.  Leaf  injury  must  average  2.5  (0  to  5 
scale)  or  less  with  no  leaf  drop  and  must  be 
compared  to  appropriate  standards. 

3.  Warehouse  evaluation,  physical  and 
chemical  properties  determinations  and 
smoke  tests  results  miist  compare  favorably 
with  appropriate  standards. 

Regional  Advanced  Tests.  After  success¬ 
fully  passing  the  preliminary  tests,  chemicals 
may  be  entered  in  advanced  tests,  also  con¬ 
ducted  by  State  and  Federal  sclentlsts-Com- 
mlttee  members.  General  requirements 
Include: 

1.  The  identity  of  the  active  ingredient  of 
an  entry  must  be  revealed  as  public  informa¬ 
tion.  The  Identity  of  the  complete  formula¬ 
tion  of  an  entry  must  be  revealed  to  the 
overall  test  coordinator  on  a  confidential 
basis. 

2.  The  company  is  to  supply  all  informa¬ 
tion  available  on  toxicity  to  humans,  animals, 
etc.  and  any  information  available  on  the 
breakdown,  persistence,  action,  etc.  of  the 
chemical. 

Table  1 — REQuumo  Ceu;mical  akd  Physical 
Property  Analyses 

Flue-cured  tobacco  Burley  tobacco 
Nicotine  or  total  alka-  Nicotine  or  total 

lolds.  alkaloids. 

Reducing  sugars _  Total  N. 

Total  volatile  bases _  Alkalinity  number  of 

water-soluble  ash. 
Total  volatile  bases  Equilibrium  mois- 

minus  nicotine.  ture  content. 

Total  ash _ _  Pilling  value. 

Equilibrium  molst\ure  Total  volatile  bases. 

content. 

Filling  value -  Total  volatile  bases 

minus  nicotine. 

^  Total  ash. 

8.  The  company  Is  to  supply  sufficient 
quantities  of  the  formulated  chemical  to 
conduct  the  testa  at  all  locatiqns  proposed. 
Tbe  formulated  chemical  is  to  be  packaged  In 
containers  which  can  be  shipped  by  the  com¬ 
pany  to  the  Individual  locations  by  the 
q>ecifle  dates  stipulated  by  the  Committee. 


4.  Only  1  application  dosage  per  chemical 
treatment  (based  on  data  obtained  from  the 
regional  preliminary  test)  will  be  tested  in  a 
given  regional  advanced  test  for  any  1  tobacco 
class. 

Field  test  procedures  and  data  require¬ 
ments  for  regional  advanced  tests  include 
the  following: 

1.  Suggested  distribution  for  flue-cured 
tobacco,  6  locations;  for  burley  tobacco,  4 
locations;  for  cigar  filler  tobacco,  2  locations; 
for  dark  tobacco,  2  locations;  and  for  Mary¬ 
land  tobacco,  1  location. 

2.  Plot  size — randomized  block  design  with 
4  replicates,  30  plants/replicate.  (See  Test 
Standards.) 

3.  Agronomic  data. 

a.  Efficacy  based  on  percent  sucker  con¬ 
trol,  sucker  number,  and  sucker  weights  for 
full  season. 

b.  Phytotoxlclty  data  taken  after  2  days 
and  at  maximum  manifestation  (0  to  5 
scale). 

c.  Cured  leaf  yield. 

4.  Cured  leaf  data. 

a.  Warehouse  evaluation  based  on  usabil¬ 
ity  and  body  and  textime  for  flue-cured 
tobacco;  usability  and  quality  rating  for 
burley  tobacco. 

b.  Chemical  and  physical  property  deter¬ 
minations.  (See  Table  1.) 

c.  Smoke-taste  tests  (off -flavors).  The  com¬ 
pany  is  to  state  if  the  taste  is  objectionable. 

5.  Residue  determinations. 

a.  Sampling  procedure.  Cured  leaf  will  be 
taken  from  3  stalk  positions:  bottom  third, 
middle  third,  and  top  third.  Whole  leaf 
samples  will  be  submitted  by  location  to  the 
chemical  company;  midrib  tissue  will  be  in¬ 
cluded  in  the  sample  analyzed. 

b.  Sample  size.  A  25-leaf  sample  will  be 
drawn  at  random  for  each  of  the  stalk  posi¬ 
tions  mentioned  above.  If  large  plots  are  in¬ 
volved,  several  samples  will  be  taken  and 
subdivided.  Residues  will  be  determined  on 
flue-cure  and  biu-ley  tobacco  and  possibly 
also  on  the  other  tobacco  classes  Involved  in 
the  regional  tests. 

c.  Analytical  methods.  The  chemical  com¬ 
pany  will  develop  reliable  analytical  methods 
for  residue  determinations  and  submit  the 
residue  data  to  the  Regional  Committee,  if 
permissible.  Upon  request,  analytical  meth¬ 
ods  will  be  made  available  by  the  company 
to  individual  members  of  the  Regional  Com¬ 
mittee  on  a  confidential  basis. 

d.  Specialized  residue  analysis  may  be  con¬ 
ducted  on  cigarettes  manufactured  from 
treated  tobacco. 

Requirements  for  passing  the  regional  ad¬ 
vanced  test  are  listed  below.  (See  also  Test 
Standards.) 

1.  Minimum  degree  of  sucker  control  must 
be  90  percent  as  effective  as  appropriate 
standards. 

2.  Leaf  injury  must  average  2.5  (0  to  5 
scale)  or  less  with  no  leaf  drop  due  to  chem¬ 
ical. 

3.  For  flue-ciu^d  tobacco,  the  specified 
chemical  and  physical  properties  should  fall 
between  those  of  the  standard  hand- 
suckered  check  and  those  of  a  contact  sub¬ 
stance  applied  at  the  early  flower  stage  fol¬ 
lowed  by  a  systemic  chemical  applied  from 
1  to  2  wk  after  the  contact  chemical  (sequen¬ 
tial)  .  For  burley  tobacco,  the  specified  chem¬ 
ical  and  physical  properties  should  fall  be¬ 
tween  those  of  the  standard  hand-suckered 
check  and  a  maleic  hydrazlde  treatment.  If 
the  data  are  statistically  analyzed,  the  0.05 
level  of  significance  will  be  used  to  deter¬ 
mine  if  the  specified  chemical  and  physical 
properties  fall  between  the  standards. 

4.  In  the  warehouse  evaluation,  the  cured 
leaf  from  treated  plants  must  compare  favor¬ 
ably  with  the  standard  hand-suckered  and 
sequential  treatments  f<»r  the  flue-cxired  to¬ 
bacco  and  with  the  standard  hand-suckered 


and  the  maleic  hydrazlde  treatmmt  tor  the 
burley  tobacco. 

5.  Smoke-taste  tests  are  designed  to  ascer¬ 
tain  if  the  chemical  treatment  imparts  an 
off -taste  to  the  smoke  of  cigarettes  manufac¬ 
tured  from  treated  tobacco.  They  are  to  be 
conducted  as  comparison  tests  between  a 
known  check  sample  and  a  treated  sample.  A 
coded  check  sample  will  be  used  as  an  inter¬ 
nal  standard.  In  addition  to  the  simple  eval- 
xiation  of  “acceptable”  or  "not  acceptable,” 
the  percentage  of  acceptable  and  non-accept- 
able  and  the  number  of  panelists  will  also  be 
reported  by  each  tobacco  company  making 
smoke  panel  tests.  Each  company  is  to  speci¬ 
fy  which  treatment,  if  any,  is  considered  ob¬ 
jectionable. 

Company  Proprietary  Tests.  The  chemical 
company  sponsoring  a  chemical  is  responsi¬ 
ble  for  conducting  these  final  “on  farm”-type 
tests.  All  data  is  to  be  submitted  to  the  Re¬ 
gional  Conunittee  for  evaluation.  General  re¬ 
quirements  Include: 

1.  Using  the  same  formulation  tested  in 
the  advanced  and/or  preliminary  tests,  the 
company  is  to  conduct  field  tests  at  a  mini¬ 
mum  of  3  flue-cured  and/or  2  burley  tobacco 
locations. 

2.  Applications  should  be  made  with  me¬ 
chanical  sprayers  used  in  the  commercial 
production  of  tobacco.  More  than  1  applica¬ 
tion  rate  also  is  desirable. 

Field  test  procedures  and  data  require¬ 
ments  for  company  proprietary  tests  include 
the  following: 

1.  Distribution  and  test  locations.  For  flue- 
cured  tobacco,  1  southern  (Fla.,  Ga.,  or  S.C.); 
1  eastern  (N.C.);  and  1  old  belt  (N.C.,  Va.). 
For  burley  tobacco,  1  high  elevation  (N.C., 
Va.)  and  1  lower  elevation  (Term.,  Ky.). 

2.  Plot  size.  Mo  acre  as  single  or  replicated 
small  plots.  Data  taken  on  3  10-plant  sub¬ 
samples.  One  30-plant  topped,  not  suckered, 
plot  is  to  be  Included  for  calculation  of  per¬ 
cent  suckered  control. 

3.  Agronomic  data. 

a.  Efficacy  based  on  percent  suckered  con¬ 
trol,  sucker  number  and  sucker  weights. 

b.  Phytotoxlclty  at  maximum  manifesta¬ 
tion  (0  to  6  scale). 

4.  Residue  determinations  on  cured  leaf  (to 
be  reported  to  Committee  for  Informational 
purposes  only) .  (See  regional  advanced  test.) 

5.  Modified  chemicals  and/or  formulations 
going  through  company  proprietary  tests 
which  have  not  been  subjected  to  smoke 
tests  win  require  such  tests. 

TEST  standards 

1.  Sucker  control  treatments. 

a.  Contact:  Off-shoot-T 

b.  Systemic;  MH-30 

c.  Sequential:  Off-shoot-T  followed  by 
MH-30 

d.  Untreated:  hand-suckered  (HS)  (suck¬ 
ers  are  removed  when  they  are  4  to  6  in. 
long);  topped,  not  suckered  (TNS). 

2.  Degrm  ot  sucker  control  measxured  as 
total  number  and  percent  by  which  treat¬ 
ment  reduced  sucker  green  weight  compared 
with  topped  but  not  suckered  check  (90  per¬ 
cent  of  appropriate  standards). 

3.  Leaf  Injury. 

a.  Scale,  0  to  5:  0=none;  livery  slight; 
2= slight;  3= slight  to  moderate;  4= moder¬ 
ate;  5= severe. 

b.  No  leaf  drop  compared  to  appropriate 
standards. 

4.  Warehouse  evaluations  by  tobacco  com- 
pauiles  based  on  percent  usable  tobacco  (av¬ 
erage  and  total  usable  by  at  least  1  com¬ 
pany). 

a.  Regional  preliminary  test  requires  per¬ 
cent  usable  only. 

b.  Regional  advanced  test  requires  percent 
usable  and  body  and  texture  for  flue-cured 
tobacco;  percent  usable  and  quaMty  rating 
for  burley  tobacco. 
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6.  Chemleml  sihI  physical  properties  must 
fall  between  the  properties  of  standard  hand- 
suckered  and  sequentially  treated  flue-cured 
tobacco,  and  between  the  properties  of  stand¬ 
ard  hand-suckered  and  MH-30  treated  burley 
tobacco. 
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CONTROL  or  POTATO  TUBER  SPROUTING 

In  recent  years,  several  types  of  growth 
regulator  applications  have  been  used  to  suc¬ 
cessfully  Induce  dormancy:  (1)  Applying  the 
product  as  pTeharvest  applications;  (2) 
dipping  tubers  in  a  solution  of  the  product 
before  storage;  (3)  dusting  the  tubers  with 
the  product  before  storage;  (4)  applying  the 
regulating  chemical  as  a  volatile  suspendable 
solid  to  the  tubers  while  In  storage;  or  (5) 
applying  the  product  as  a  spray  or  wax  solu¬ 
tion  to  the  tubers  as  they  are  packaged  for 
the  retail  market.  Factors,  such  as  storage 
temperature,  affecting  potato  sprout  Ihlbl- 
tlon  and  methods  of  testing  have  been  dis¬ 
cussed  In  several  publications  (Sparks  and 
Summers,  1974;  Zaehrlnger,  et  al.,  1966;  Rao 
and  Wlttwer,  1955;  Hruschka  et  al.,  1965; 
Nylimd  and  Ayres,  1964;  Cunningham  et  al., 
1966;  and  Weaver.  1972). 

Test  Conditions.  The  usual  procedure  Is 
to  randcMnly  collect  about  400  tubers  for  each 
variable  to  be  tested.  They  should  be  field- 
run  quality  but  with  no  green,  rot  or  serious 
malformations.  These  are  divided  Into  4  rep¬ 
licates  of  100  tubers  each.  The  method  of  ap¬ 
plying  the  Inhibitor  depends  upon  the  time 
at  which  the  material  is  to  be  applied.  Sev¬ 
eral  dosage  levels  of  the  chemical  under  test 
are  necessary. 

In  the  case  of  preharvest  applications  of 
growth  regulators  to  potato  plants,  variables, 
such  as  time  of  application,  dosage  of  chemi¬ 
cal  applied,  time  of  harvest  and  effect  of 
rainfall  must  be  considered  In  addition  to 
subsequent  storage  conditions.  Replicated 
plots  (usually  4  replicates)  sufficiently  large 
to  allow  statistical  analysis  should  be  used. 

Treated  tubers  or  tubers  from  treated 
plants  should  be  stored  at  various  tempera- 
tmes,  subjected  to  various  airflows  and 
treated  with  air  of  different  humidity  levels 
to  determine  length  of  control  (^arks,  1965 
and  Sparks,  1973) .  Retreatment  with  the  In- 
hlbltm*  may  be  required  If  the  material  Is 
volatile  and  high  rates  of  airflow  are  used. 


For  comparison  purposes,  untreated  tubers 
and  tubers  treated  with  standard  q>rout  in¬ 
hibitors  are  to  be  Included.  Standard  chemi¬ 
cals  may  include  CIPC  ( Isopropyl -m-chloro- 
carbanllate),  TCNB  (l,2,4,6-tetrachloro-3- 
nltrobenzene) ,  maleic  hydrazide  or  other 
chemlcaTs  registered  for  this  use. 

Interpretation  of  Test  Results.  At  monthly 
Intervals,  for  12  mo,  data  on  weight  loss,  rot 
and  sprouting  should  be  taken.  At  the  end  of 
the  storage  period  other  data  are  also  usually 
obtained : 

1.  Weight  loss. 

2.  Rot  loss. 

3.  Sprouting. 

4.  Flattening  and  shriveling. 

5.  Effect  on  suberln  and  wound  prlderm 
formation. 

6.  Heat  generated  In  the  potato  pile  (a 
gross  measure  of  re^lration  rate) . 

7.  Quality  change  (sugars,  mealiness,  fry 
color,  flavor,  chipping) . 

8.  Appearance  change  (loss  of  net  or  rus- 
settlng) . 

9.  Utilization  as  propagation  stock. 
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CONTROL  or  BRANCH  ANGLE  IN  TOUNG  TREES 

In  many  trees,  especially  apples  and  pears, 
the  primary  branches  form  narrow  angles 
with  the  main  trunk  which  result  In  struc¬ 
turally  weak  crotches  that  often  break  under 
moderate  or  heavy  fruiting  and  seriously 
reduce  the  productiveness  of  the  tree.  Also, 
such  narrow  crotches  are  very  prone  to  win¬ 
ter  Injury.  Within  a  few  years  the  entire  tree 
may  be  lost  from  further  weakening  and  from 
secondary  Infection.  The  develc^ment  of  wide 
branch  angles  avoids  the  bark  inclusion  In 
the  tree  crotches  and  the  trees  can  bear 
heavier  crops  when  they  begin  fruiting.  The 
more  open  growth  also  permits  more  light 
Into  the  center  of  the  tree,  which  Is  particu¬ 
larly  useful  on  q>ur  tjrpe  DeUdous  igiples  or 
regular  Delicious  on  dwarfing  stock.  Factors 
affecting  chemical  treatments  to  modify 
crotch  angle  and  methods  of  testing  to  dem¬ 
onstrate  the  efficacy  of  a  chemical  treatment 
have  been  discussed  In  several  publications. 
(Vemer,  1938;  Bukovac,  1963,  1968) . 
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Test  Conditions.  Young  fruit  trees,  usually 
In  the  second  or  third  year  after  being  set  in 
the  field,  are  sprayed  with  several  concen¬ 
trations  of  the  test  chemical.  The  correct 
timing  of  application  must  be  determined 
(usually  when  the  new  shoot  growth  is  3  to 
5  In.  long).  The  angle  at  which  the  branch 
leaves  the  main  stem  should  be  measured  at 
the  end  of  the  growing  season.  The  effect  on 
vegetative  g;rowth  also  should  be  measured. 
Some  of  the  factors  affecting  produet  per¬ 
formance  are  listed  below. 

1.  Volume  of  spray  may  be  In^iortant.  The 
trees  should  be  qurayed  to  runoff  until  suf¬ 
ficient  data  show  that  lower  volumes  can  be 
used. 

2.  Since  response  to  chemical  treatment 
can  vary  widely  with  variety  the  effect  on  all 
varieties  Should  be  studied. 

3.  Testa  should  be  made  for  each  variety 
to  determine  the  rate  (lb.  active  Ingredient/ 
100  gal  of  spray  solution  and  volume  of  spray 
solution  applied  per  tree)  and  the  stage  of 
development  of  the  tree  at  the  time  of  ap¬ 
plication  that  will  give  the  best  response 
under  the  mvlronmental  conditions  where 
the  product  will  be  used. 

4.  The  effect  of  seedling  vlgmr  and  rate  of 
growth  should  be  determined,  e^ieclally  In 
relation  to  Inhibition  of  vegetative  growth. 

5.  The  effect  of  rainfall  following  a{^llca- 
tlon  should  be  determined. 

6.  The  effect  of  a  repeat  application  the 
following  year  should  be  determined. 

Interpretation  of  Test  Results.  To  support 
label  claims  for  modifying  crotch  angle  de¬ 
velopment  In  fruit  trees,  the  treatment 
should  Increase  the  angle  at  which  the 
branch  leaves  the  main  stem.  This  Is  more 
Important  than  Just  causing  the  outer  part 
of  the  branch  to  bend  downward.  In  gen¬ 
eral,  the  angle  should  be  greater  than  46  de¬ 
grees  to  Insure  wide  angle  latwals  for  a 
sounder  structural  framework  In  trees. 
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CONTROL  or  ALTERNATE  BEARING  IN  APPLES 

Many  varieties  of  apples  bear  heavily  1 
year  ("on”  year)  and  very  little  the  following 
year  (“off”  year).  Chemical  treatment  (re¬ 
turn  bloom  treatment)  applied  in  the  "on” 
year  before  blossom  differentiation  can  in¬ 
crease  yield  during  the  “off”  year.  In  addition 
to  leveling  out'crop  production  fOT  the  2-yr 
cycle,  such  treatments  often  result  In  an 
Increase  In  total  yield  for  the  period. 

Test  Conditioru.  A  aeries  tff  test  trees,  in 
the  “on”  year,  should  be  paired  on  the  basis 
of  uniformity  of  rootstocl^  tree  size  and  the 
Intensity  of  blossoming  In  the  spring  of  the 
year.  One  tree  of  each  pair  is  sprayed  with 
the  chemical  treatment;  the  other  should 
TMnaln  untreated.  Each  treatment  should  be 
sprayed  to  runoff  until  data  are  accumulated 
to  show  that  lower  volumes  are  equally  ef¬ 
fective.  Various  rates  need  to  be  tested  on 
each  variety  to  determine  the  optimum  rate. 
Timing  of  application  must  also  be  deter¬ 
mined.  (The  optimum  timing  usually  is  4  to 
5  wk  after  full  bloom.)  To  maintein  uniform 
crop  production,  it  Is  necessary  to  treat  only 
during  the  ”on”  year.  Because  the  degree  of 
blossoming  In  the  qnlng  will  determine  those 
years  In  which  treatments  shotdd  be  made, 
studies  are  needed  on  each  variety  on  the 
degn^ee  of  spring  blossoming  and  the  amount 
of  return  bloom  the  following  season. 
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since  climatic  conditions  can  affect  per¬ 
formance,  It  Is  absolutely  necessary  to  test 
the  compound  In  each  location  where  It  will 
be  used.  Orowers  should  be  cautioned  to 
start  with  a  small  block  of  trees  until  they 
gain  experience  in  the  performance  of  the 
compound  under  their  environmental  condi¬ 
tions.  Any  affect  of  rainfall  following  expli¬ 
cation  should  be  determined. 

The  effect  of  a  blossom  thinplng  treatment 
or  the  occurrence  of  frost  on  blossom  set 
should  be  determined  before  the  application 
of  the  return  bloom  treatment.  Studies  with 
various  degrees  of  blossom  thinning  are 
needed  to  determine  the  rate  and  effect  of 
the  return  bloom  treatment. 

Tree  vigor  and  size,  as  well  as  the  mineral 
nutrition  of  the  tree,  also  can  affect  response. 

Interpretation  of  Test  Results.  The  effect 
of  any  treatment  on  the  control  of  biennial 
bearing  will  be  noted  in  the  year  following 
treatment.  The  yield  should  be  taken  at  the 
end  of  the  second  season  and  compared  with 
untreated  trees.  However,  since  the  objective 
Is  to  even  out  the  productivity  of  the  tree, 
yields  should  also  be  taken  at  the  end  of  the 
first  season  and  the  total  yield  for  the  2  yr 
should  be  compared. 

Normally,  yield  alone  will  not  give  the 
total  picture  and  It  is  necessary  to  grade  the 
fruit  and  determine  the  market  price  for 
each  grade.  HiU  may  show  a  greater  cash 
return  to  the  grower  than  if  total  yield  alone 
were  the  only  criterion  used.  Return  bloom 
treatments  may  also  inhibit  vegetative 
growth,  and  an  additional  benefit  may  be  a 
reduction  in  the  amount  of  pruning  neces¬ 
sary.  There  is  also  a  possibility  of  delayed 
bud  growth  in  the  spring  which  can  be  help¬ 
ful  to  the  grower  in  areas  of  late  spring 
frosts. 

Some  other  effects  which  should  be  re¬ 
ported  may  include:  (1)  The  treatment  can 
hasten  or  retard  the  maturity  of  the  crop 
in  the  treatment  year;  and  (2)  the  treat¬ 
ment  may  Increase  the  severity  of  a  physio¬ 
logical  disease  known  as  “bitter  pit." 
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CONTBOL  OF  SEX  EXPRESSION  IN 
CUCUMBERS  AND  SQUASHES 

The  biochemical  control  of  sex  expression  * 
in  cucumbers  and  squashes  aids  in  the  pro¬ 
duction  of  hybrid  seed  and  also  can  be  useful 
in  increasing  yield,  especially  where  once¬ 
over  destruct  harvest  is  practiced.  A  chemical 
treatment  is  made  at  the  early  seedling  stage 
of  growth  to  increase  the  number  of  pistillate 
(female)  flowers  and  to  decrease  the  number 
of  stamlnate  (male)  flowers.  These  treat¬ 
ments  bring  about  formation  of  female 
flowers  at  lower  nodes  where  normally  only 
male  fiowers  are  formed  in  the  standard 
(monoecious)  cucumber  and  squash  varie¬ 
ties.  Factors  affecting  this  sex  response  and 
methods  of  testing  to  demonstrate  the  effi¬ 
cacy  of  a  chemical  treatment  have  been  dis¬ 
cussed  in  a  number  of  publications  (Mc- 
Murray  and  MUler,  1968  and  1969;  Robinson, 
et  al.,  1969;  Rudlch  et  al.,  1969;  Sims  and 
OledhUl,  1969;  Weaver,  1972). 
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Test  Conditions.  For  sex  ratio  studies,  field 
trials  consisting  of  single-row  plots  8  ft  long 
with  10  plants  per  plot  are  adequate.  Each 
treatment  and  control  plot  should  be  repli¬ 
cated  4  times.  For  yield  trials,  however, 
single-row  plots  40  ft  long  with  120  plants 
per  plot  should  be  used,  with  6  replications 
per  treatment.  The  test  plots  should  be 
located  in  the  middle  of  a  field  containing 
sufficient  untreated  monoecious  plants  to 
assure  an  adequate  supply  of  pollen.  Applica¬ 
tion  should  be  made  to  seedling  plants  to 
assure  good  coverage  (100  gal/acre). 

To  evaluate  the  effectiveness  of  a  treatment 
on  sex  expression,  the  sex  of  each  flower  at 
each  node  should  be  determined  on  a  weekly 
basis  during  the  blooming  period.  To  deter¬ 
mine  the  effect  on  yield,  the  plots  should  be 
harvested  twice  a  week,  starting  when  the 
first  fruit  is  at  the  proper  stage.  For  me¬ 
chanical  harvesting,  each  plot  should  be 
harvested  separately  at  the  correct  stage  to 
take  into  account  any  delay  or  hastening  of 
maturity.  In  all  cases,  the  yield  should  be 
separated  by  grade  and  the  market  price  for 
each  grade  at  each  harvest  date  should  be 
determined. 

Some  of  the  test  conditions  and  variables 
that  should  be  studied  are  listed  below. 

1.  For  hybrid  seed  production  the  amount 
of  seed  per  fruit  should  be  determined.  Also, 
the  percentage  germination  and  the  storage 
life  should  be  studied. 

2.  The  response  between  varieties  can  differ 
significantly,  and  the  correct  timing,  rate  and 
number  of  applications  should  be  studied  on 
each  variety  under  different  environmental 
conditions. 

3.  The  effect  on  delay  or  hastening  of  ma¬ 
turity  should  be  determined. 

4.  Effects  on  fruit  quality  and  fruit  shape 
should  be  made. 

5.  Since  the  effect  on  sexual  modification 
towards  femaleness  in  the  treated  plants  may 
be  temporary,  studies  should  be  made  to  de¬ 
termine  the  length  of  effectiveness  of  each 
treatment. 

6.  The  effect  of  rainfall  following  applica¬ 
tion  should  be  determined. 

7.  The  effect  of  the  treatment  on  vine 
growth  should  be  noted. 

8.  Any  effect  on  time  of  flowering  should  be 
noted  so  that  the  pollination  line  can  be 
planted  at  the  proper  time  to  supply  ade¬ 
quate  pollen. 

Interpretation  of  Test  Results.  To  support 
claims  as  an  aid  to  hybrid  seed  production, 
the  data  should  show  an  Increase  In  the 
percentage  of  female  blossoms  at  the  early 
stages  of  flowering.  Seed  production  in  the 
treated  fruit  should  not  be  decreased,  and  the 
hybrid  seed  should  have  good  germination 
and  storage  life.  ' 

To  support  claims  for  increased  yield,  data 
are  needed  for  yield  and  grade  for  the  period 
during  which  the  crop  is  harvested  and  mar¬ 
keted.  Total  3rield  during  the  growing  season 
is  often  very  misleading,  especially  if  a  large 
percentage  of  the  fruit  falls  in  the  low-priced 
grades.  In  once-over  destruct  harvests,  com¬ 
parisons  are  needed  between  yield  from 
treated  and  untreated  control  plots  har¬ 
vested  at  the  same  stage  of  development.  If 
the  chemical  treatment  hastens  or  delays 
the  development  of  the  fruit,  it  is  necessary 
to  harvest  the  treated  and  untreated  control 
plots  at  the  same  stage  of  development  but 
maybe  at  different  times.  The  chemical  treat¬ 
ment  should  not  cause  any  adverse  effect  on 
fruit  shape  or  quality. 
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CONTROL  OF  FRUIT  MATURATION  AND  RIPENING 

Growth  regulators  are  being  tested  experi¬ 
mentally  and  used  commercially  to  achieve 
a  number  of  specific  objectives  related  to 
fruit  maturation  and  ripening.  Included  in 
these  objectives  are  (1)  enhancing  pigmen¬ 
tation  in  cherries,  cranberries  and  apples 
(Chaplain  and  Kenworthy,  1970;  Eck,  1969; 
Edgerton  and  Blanpled,  1968);  (2)  hastening 
or  delaying  maturity  in  peaches,  tomatoes 
and  apples  (Looney,  1972;  Robinson  et  al., 
1968;  Unrath,  1971);  (3)  the  concentration  of 
ripening  in  tomatoes,  blueberries  and  apples 
(Iwaharl  and  Lyons,  1970;  Eck,  1970;  Schomer 
et  al.,  1971);  (4)  improving  uniformity  of 
ripening  and  enhancing  fruit  quality  in  ba¬ 
nanas  (Russo  et  al.,  1968) ;  and  (6)  enhancing 
abscission  and  loosening  to  facilitate  me¬ 
chanical  harvesting  (Bukovac  et  al.,  1969, 
1971). 

Test  Conditions.  Test  conditions  that 
should  be  reported  are  plot  sizes,  number 
of  plants  per  plot,  number  of  replications 
and  controls.  Information  on  product  appli¬ 
cation  should  Include  number  of  treatments; 
rates  of  application;  time  of  application; 
methods  of  ^plication;  a  comparison  of  di¬ 
lute  versus  concentrated  applications  and 
low  versus  high  gallonage  applications;  and 
possible  interaction  with  other  chemicals  ap¬ 
plied.  Differential  varietal  responses  are  im¬ 
portant  and  should  be  adequately  investi¬ 
gated. 

Possible  parameters  in  measuring  growth 
regulator  effects  on  the  maturation  and  ripen¬ 
ing  process  include  such  quality  measure¬ 
ments  as  sugars,  acids,  pigments,  viscosity, 
firmness,  dry  weight,  flavor,  appearance,  short 
and  long  term  storage  quality  and  size.  Yield, 
also  an  important  parameter,  might  include 
measurement  of  total  yield,  marketable  yield, 
grades,  percent  of  crop  mature  at  a  single 
harvest  and  yield  distribution  over  the  entire 
harvest  period.  Residual  effects  should  also 
be  evaluated,  particularly  as  they  may  influ¬ 
ence  subsequent  flowering  and  fruit  set  on 
perennial  plants  and  seeds  of  annuals. 

Some  other  conditions  that  should  be 
studied  are  listed  below. 

1.  Plant  condition  should  be  monitored, 
noting  particularly  any  possible  stress  condi¬ 
tions. 

2.  Environmental  conditions,  particularly 
temperatvu%,  soil  moisture,  and  possible 
weather  conditions  before,  during  and  after 
treatment,  should  be  monitored. 

8.  Soil  residual  effects  on  greenhouse  and 
container  grown  crexs  should  be  measured. 

4.  Changes  in  insect  and  disease  suscepti¬ 
bility  should  be  noted. 

5.  Any  chemical  residue  on  the  harvested 
fruit  Should  be  measured. 

Interpretation  of  Test  Results.  Suggested 
Interpretations  In  terms  of  the  quantitative 
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level  of  response  obtained  from  growth  reg¬ 
ulator  treatment  might  Include:  (1)  A  15 
percent  improvement  In  ideld.  when  yield  la 
the  primary  objective;  (2)  advance  or  delay 
of  harvest  by  a  week  for  a  growth  regulator 
treatment  designed  to  modify  the  harvest 
season  of  a  particular  cn^;  (3)  a  pigment 
enhancement  of  60  percent,  particularly  In 
early  harvested  fruit;  and  (4)  concentration 
of  yield  which  results  in  60  percent  of  the 
total  harvest  occurring  in  a  single  picking  for 
a  growth  regulator  designed  to  concentrate 
the  harvest. 
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ccMiraoL  or  ratrrr  abscission 

Soon  a^ter  mechanical  harvesting  of  fruits 
was  tried.  It  became  obvious  that.  In  many 
cases,  treatment  of  the  trees  or  vines  with 
abscission  agents  (chemical  looseners)  would 
be  beneflclal  and  that,  with  some  types  of 
mechanical  harvesting  equipment  such  as 
air  harvesters.  It  is  required  (Wilson  and 
Coppock,  1968;  1969) .  Citrus,  cherries,  olives. 


apples,  grapes  and  pecans  are  examples  of 
crops  whose  harvest  can  be  aided  by  the  use 
of  such  compounds  (Weaver.  1973).  Specific 
requirements  for  each  crop  may  vary  some¬ 
what,  but  the  overall  principles  Involved  ap¬ 
pear  to  be  similar.  Although  the  foUowl^ 
test  conditions  relate  primarily  to  citrus 
fruits,  some  examples  of  problems  en¬ 
countered  with  other  crops  are  also  Included. 

TEST  CONDITIONS 

Method  of  Application.  The  application 
method  usually  will  be  by  dilute  or  concen¬ 
trated  spray.  Most  of  the  current  abscission 
chemicals  under  Investigation  appear  to 
fimctlon  through  contact  rather  than  sys¬ 
temic  action;  a  uniform  spray  coverage  of 
trees  and  vines,  therefore,  is  necessary.  Other 
methods  of  application  should  be  evaluated 
as  to  their  practicality  under  field  conditions 
(Wilson,  1966;  1967). 

Timing  arid  Environmental  Conditions. 
Most  abscission  agents  produce  fruit  loosen¬ 
ing  within  3  to  7  days  following  spray  appli¬ 
cation  although  this  may  vary  depending  on 
the  crop  involved.  With  citrus,  the  abscission 
agent  can  normally  be  applied  at  any  time 
during  the  period  when  the  fruit  Is  con¬ 
sidered  legally  mature  (Wilson,  1969) 

Weather  conditions  may  affect  abscission 
chemicals  (Wilson,  1969;  1972)  and  should 
be  studied.  Although  no  loss  of  activity  due 
to  high  temperatures  has  been  reported,  ab¬ 
normally  wet  and  cold  conditions  may  ad- 
verstiy  affect  results  either  by  washing  off 
the  material  before  It  has  time  to  act  or 
delaying  or  reducing  Its  effects  by  slowing 
metabolic  processes. 

Consistency  of  Performances.  Failures 
caused  by  adverse  environmental  conditions 
can  occasionally  be  expected;  unexplained 
failure  occurring  under  good  environmental 
conditions,  however,  should  be  rare.  Thus, 
inconsistency  In  chemical  performances 
should  usually  be  Interpreted  unfavorably. 
The  effects  of  various  rootstocks  should  also 
be  considered  In  evaluating  results,  for,  with 
citrus  fruits,  certain  rootstocks  produce  fruit 
which  loosen  more  readily  when  abscission 
chemicals  are  applied  (Cooper  and  Wilson, 
1971). 

Physical  Measurements  of  Chemical  Effec¬ 
tiveness: — The  most  common  method  used 
to  determine  degree  of  citrus  fruit  loosening 
Is  through  use  of  a  pull  force  measuring 
device  (Hendershott,  1964).  Most  of  these  de¬ 
vices  measure  strai^t  pull  breaking  force 
necessary  to  separate  the  stems  from  the 
fruit.  These  pull  forces  may  vary  from  a  few 
grams  (olives)  to  30  to  40  lb  (some  citrus 
fruits) .  A  measure  of  effectiveness  Is  a  sub¬ 
stantial  r^uctlon  In  the  average  pull  force 
measurements  from  that  of  a  control. 

Interpretation  of  Results.  In  evaluating 
abscission  results,  2  principal  factors  must 
be  considered,  depending  on  which  of  the 
methods  of  removal  discussed  below  is  em¬ 
ployed  and  the  ultimate  use  of  the  fruit 
(processing  or  fresh). 

If  fruit  is  to  be  shaken  to  the  ground  for 
mechanical  or  band  pickup,  maximum  fruit 
loosening  Is  desired.  Under  these  conditions, 
there  la  a  high  probability  that  substantial 
fruit  drops  will  occur  before  harvest  (Wilson. 
1973).  With  citrus  fruits,  pull  force  will  be 
reduced  from  14  to  18  lb  for  untreated  fruit 
to  an  average  of  2fl  lb  for  treated  fruit.  Fruit 
dn^  of  30  to  50  percent  could  be  expected 
when  fruit  Is  this  loose.  Under  some  experi¬ 
mental  conditions  and  sometimes  under  field 
conditions,  fruit  loosening  will  be  so  com¬ 
plete  that  the  fruit  will  s^^arate  from  the 
stem  when  touched  and  prevent  the 
urement  of  pull  force.  These  results  can  be 
classed  as  “too  loose  to  pull,**  “all  fruit 
dropped”  or  some  other  appropriately  de¬ 
scriptive  phrase. 


If  fruit  Is  to  be  shaken  by  a  mechanical 
device  onto  a  catchframe,  fruit  loosening 
should  not  be  as  complete  as  above.  A 
chemical  developed  for  use  with  catchframes 
should  loosen  citrus  fruit  ideally  to  no  less 
than  6  lb  average  pull  force. 

Abscission  agents  are  of  2  types:  (1) 
Chemicals  which  release  ethylene  or  cause 
ethylene  production  by  the  fruit  without 
peel  Injury;  and  (2)  chemicals  which  may 
cause  superficial  rind  injury  with  resulting 
wound  ethylene  formation.  Although  abscis¬ 
sion  not  related  to  the  acticm  of  ethylene 
may  be  possible,  all  present  commercial  ab¬ 
scission  agents  appear  to  utilize  the  ethylene 
mechanism.  Many  fruits,  including  citrus 
fruit  Intended  for  fresh  fruit  utilization, 
apples,  cherries,  and  perhaps  olives  and 
pecans  (nuts)  respond  to  chemicals  with 
this  mode  of  actlim. 

Citrus  fruits  loosen  readily  when  chemicals 
cause  superficial  peel  Injury.  Chemical  dam¬ 
age  to  the  rind  Is  acceptable  on  citrus  fruit 
for  processing  if  It  does  not  cause  fruit  split¬ 
ting  and  excess  rotting  under  wet  conditions 
(Wilson,  1972)  or  adversrty  affect  Juice 
fiavor. 

The  amount  of  phytotoxielty  which  can 
be  tolerated  by  trees  and  vines  before  yields 
and/or  fruit  quality  are  adversely  affected 
varies  with  the  crop  and  time  of  year.  No 
specific  percentages  of  leaf  drop  have  be«i 
determined  for  citrus  fruits  which  Indicate 
the  upper  limits  of  phytotoxielty;  expcrlenee 
has  shown  that  a  fairly  large  margin  of  safety 
Is  necessary.  With  a  crop,  such  as  apphes, 
excessive  leaf  drop  accompanying  abscission 
sprays  applied  in  the  fall  occurs  then  any¬ 
way.  With  some  other  crops,  economic  con¬ 
siderations  may  be  such  that  some  phytotox- 
Iclty  can  be  tolerated. 

Because  mature  fruits,  leaves.  Immature 
fruits  and  flowers  are  all  subject  to  absclsBlon 
through  basically  the  same  physiological 
process,  the  growth  regulator(8)  selected  for 
abscission  should  be  specific  to  removal  of 
only  mature  fruits  or  nuts.  The  Valencia 
orange,  for  example,  poses  a  distinct  harvest¬ 
ing  problem  because  Its  lengthy  development 
period  (11  to  18  mo)  results  In  the  presence 
of  flowers  or  Immature  (green)  fruits  during 
most  of  the  harvest  season.  It  is  Inqxxrtant, 
therefore,  that  any  abscission  chemical  se¬ 
lectively  loosen  mature  fruit  but  cause  mini¬ 
mum  phytotoxielty  to  flowers.  Immature 
fruits  or  young  growth  which  might  be 
present. 
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incseased  beebt  size  or  seedless  varieties  of 

TABLE  grapes 

When  vines  of  Thompson  or  other  seed¬ 
less  grapes  are  girdled  at  the  fruit-set  stage, 
a  large  Increase  in  berry  size — sometimes  as 
much  as  100  percent — usually  results.  Since 
about  1960,  almost  all  ThcHnpson  Seedless 
grapes  Intended  for  table  use  have  been 
sprayed  with  1  or  2  applications  of  gibberel- 
Un.  These  treatment^  along  with  girdling. 
Increase  berry  size  in  a  uniform  manner 
(Weaver,  1972). 

Test  Conditions.  The  test  chemicals  are 
usually  applied  after  shatter  (separation  of 
calirptra  from  flower)  following  bloom  (also 
the  normal  girdling  time).  Four  vines  per 
replicate  should  be  sprayed  to  wet  cluster 
area  thoroughly.  Use  5  concentrations  of  the 
test  product  and  compare  results  with  un¬ 
treated  oontreds  and  with  glbberellln  at  label 
rates. 

Test  Results.  At  harvest  the  following 
measurements  should  be  made: 

1.  Crop  weight  pear  vine. 

2.  Average  weight  of  100  berries  per  vine 
to  indicate  berry  size.  (Take  berries  from 
various  clusters  and  from  base,  middle  and 
i^ez  (rf  cluster.) 

3.  Brlx  value  at  Juice  taken  with  a  refrac- 
tometer. 
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LOOSEN  COMPACT  CLUSTERED  VARIETIES  OP 
vrns  vmiFERA  (wine  grapes) 

The  incidence  of  rot  In  seeded  wine  grapes 
Is  excessive  In  varieties  that  produce  emn- 
pact  clusters,  for  example,  Zinfandel  and 
Carlgnane.  Berries  are  pushed  off  by  other 
expanding  berries,  and  the  Juice  from  the 
fallen  fruit  fosters  decay  organisms.  Tight 
clusters  are  also  slow  to  dry  after  rains. 
Loosening  of  the  cluster  is  a  result  of  reduced 
set,  cluster  elongation,  and/mr  production  of 
shot  berries  (Weaver,  1972) ;  prebloom  sprays 
of  glbberellln  also  loosen  these  clusters 
(Weaver  and  McCune,  1959) . 

Test  Conditions.  Test  chemicals  are  usually 
sprayed  onto  the  vines  2  to  3  wk  before  blomn 
when  the  shoots  are  15  to  20  in.  long;  clust¬ 
ers  should  be  8  to  4  in.  in  length,  but  may 
range  from  2  to  5  In.  in  length.  Use  4  repli¬ 
cates  of  4  vines  per  treatment.  Use  6  concen¬ 
trations  of  the  test  product  and  compare 
results  with  untreated  ccmtrols  and  glbberel- 
lin  at  label  rates  for  tiie  variety.  The  clusters 
must  be  thoroughly  wet. 


Test  Results.  At  harvest  the  following 
measurements  should  be  made: 

1.  Estimate  of  looseness  percentage.  The 
oon^ct  control  clustem  are  considered  to 
have  0  percent  unoccupied  space.  Estimate 
that  pfut  of  the  total  volume  of  a  cluster  not 
occupied  by  berries. 

2.  Number  of  berries  per  cluster  (for  the 
determination  of  effect  on  berry  set) . 

3.  Length  of  cluster  freun  basal  lateral  to 
the  apex  of  the  cluster. 

4.  Berry  size  (average  weight  of  100 
berries) . 

6.  Degrees  Brlx  value  of  Juice  taken  with  a 
refractometer. 

6.  Percentage  of  rot  which  has  occurred  In 
each  treatment. 
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ACmiTT  REDUCTION  IN  CITRUS 

The  2  main  purposes  for  acidity  reduction 
in  citrus  fruits  are  to  produce  early  maturity 
of  fruit  and  thereby  lengthen  the  marketing 
season  and  to  produce  sweeter  fruit.  In 
analytical  chemical  terms,  “sweet”  means 
“high  ratio  fruit”  as  measured  by  the  stand¬ 
ard  accepted  Brlx /acid  determination. 
Maturity  of  citrus  fruits  generally  follows  the 
pattern  of  gradual  reduction  of  acid  during 
the  fruit  season,  and  usually  there  is  a  cor¬ 
responding  Increase  in  soluble  solids 
(sugars) . 

Test  Conditions.  Field  trials  to  reduce 
acidity  may  consist  of  single-tree  plots 
replicated  6  times.  Materials  are  applied  as 
sprays  to  thoroughly  cover  fruit  and  foliage. 
With  citrus  fruits  which  maintain  a  gen¬ 
erally  recognized  low  respiration  rate,  the 
time  of  application  of  the  sprays  is  usually 
4  to  10  mo  before  harvest.  (The  development 
of  sprays  which  would  shorten  this  Interval 
would  be  desirable.)  At  the  present  time 
maturity  sprays  are  applied  from  postbloom 
until  the  end  of  the  summer  ^ray  period, 
although  the  most  effective  time  Is  1  to  6 
wk  following  bloom — late  March  to  early 
May. 

Twenty  fruit  per  tree,  a  total  of  120  fruit 
per  treatment  picked  at  random  (inside  and 
outside  of  the  canopy),  are  taken  from  the 
treated,  control  and  standard  product  at  bi¬ 
weekly  Intervals  30  days  before  and  during 
the  normal  harvest  period.  The  following 
measurements  should  be  taken: 

1.  Determine  the  percent  Juice  for  each 
sample  (total  weight  of  squeezed  Juice  per 
unit  weight  of  fruit) . 

2.  Determine  the  percent  acid  (total 
titratable  acid)  using  phenolphthalein  as  the 
Indicator  and  0.3125  N  NaOH  as  the  basic 
solution. 

3.  Determine  Brlx  value  for  each  sample. 

4.  Calculate  ratio  Of  Brlx  value  to  acid. 

Interpretation  of  Test  Results.  At  least  2 

limitations  to  use  at  an  acidity  reducing 
compound  should  be  considered: 

1.  Oranges,  tangerines,  grapefruit,  tangelos 
and  tangelo  hybrids  can  be  subject  to  exces¬ 
sive  acidity  reduction  and  produce  a  sweet 
fruit  with  an  undesirable  “Inspld”  flavor. 

2.  "Flavor”  of  a  fruit  or  fruit  Juice  is  made 
up  of  several  components.  Although  a  growth 
regulator  may  reduce  Juice  acidity  of  im¬ 
mature  fruit  to  what  would  be  considered  ac¬ 
ceptable  for  mature  fruit.  It  would  not  affect 
the  raw.  Immature  flavors  also  present  In  the 
immature  fruit.  NcNmally  these  immature 
flavors  diminish  at  a  Brlx  of  9.0  or  higher. 

APPLE  SCALD  INHIBITORS 

Substantial  information  about  scald  is 
available,  as  It  has  been  widely  studied  for 


over  60  yr  (Huelln,  1964;  Smock,  1961;  Smock 
and  Southwlck,  1945) .  The  cause  is  still  un¬ 
known  or  Indeflnlte.  Because  it  Is  usually 
much  worse  on  early  pickings.  It  Is  associated 
with  Immaturity.  Scald  susceptibility  varies 
from  season  to  season  so  weather  before  har¬ 
vest  also  Is  a  factor.  Many  researchers  be¬ 
lieved  that  volatile  materials  caused  scald, 
since  relatively  high  levels  of  esters  Induce 
an  artificial  scald-like  Injury  on  apples,  but 
the  volatile  theory  is  no  longer  widely  ac¬ 
cepted.  Recently,  Australian  researchers 
(Pierson  et  al.,  1971)  have  suggested  that 
oxidation  products  of  a-farnesene  are  the 
direct  cause  of  superficial  scald.  They  fur¬ 
ther  suggest  that  effects  of  artificial  anti¬ 
oxidants  on  the  oxidation  of  a-farnesene 
could  first  be  measured  in  comparatively 
short  tests  before  testing  for  control  of  scale 
on  apples. 

For  many  years  use  of  tissue  wraps  con¬ 
taining  mineral  oil  around  each  fruit  was  the 
standard  Gcald-control  procedure.  Growth 
regulating  substances,  such  as  naphthalene 
acetic  acid  (NAA),  applied  as  a  postharvest 
dip  provided  considerable  control  but  were 
not  used  commercially  (Schomer  and  Marth, 
1945).  Commercial  scald  control  Is  now  ob¬ 
tained  by  using  1  of  2  antl-oxldants  (Smock, 
1961);  dlphenylamine  or  l,2-dihydro-6-eth- 
oxy-2,2,4-tnmethylqulnoline  (ethoxyquln ) , 
Both  chemicals  are  registered  for  use  on  ap¬ 
ples  and  provide  good  scald  control  (Dewey 
and  Dllley,  1964;  Hardenburg  and  Anderson, 
1962;  Huelln,  1964;  Mattus  and  Rollins, 
1963). 

TEST  CONDITIONS 

1.  Use  freshly  harvested  apples,  50  to  100 
per  replicate.  More  scald  will  develop  In  con¬ 
trol  lots  if  fruit  is  picked  1  wk  before  the  best 
commercial  date.  McIntosh,  Rome  Beauty  and 
Red  Delicious  are  scald -susceptible  varieties. 

2.  Apply  test  product  and  impropriate 
standard  products  within  the  first  7  to  10 
days  after  harvest.  Dip  or  submerge  apples  for 
10  sec  In  test  solutions  or  suspensions.  Keep 
test  suspensions  well-agitated. 

3.  Fruit  temperature  and  treatment  solu¬ 
tion  temperature  should  be  moderate  (60*  to 
70°  F).  Cold  fruit  will  not  take  on  a  good 
coating  of  test  chemicals. 

4.  After  treating  fruit,  tilt  boxes  or  turn 
fruit  to  Improve  drainage  and  prevent  pos¬ 
sible  chemical  bum  In  stem  or  calyx  cavities. 
Examine  for  initial  visible  residue. 

5.  To  predict  scald  Intensity,  store  treated 
and  untreated  fruit  samples  in  boxes  with 
unsealed  1.5-mll  polyethylene  liners  for  4  to 
6  wk  at  70°F  (Smock,  1961) . 

6.  To  determine  commercial  scald  control, 
store  treated  and  untreated  fruit  samples 
in  unlined  boxes  for  5  to  6  mo  at  32*F  (38*F 
for  McIntosh)  with  high  relative  humidity 
(90-96  percent),  then  transfer  to  70°F  for  7 
days  to  allow  scald  symptom  development 
(Hardenburg  and  Anderson,  1962;  Huelln, 
1964;  Mattus  and  Rollins,  1963;  Smock,  1961) . 

INTQU>RETA7TON  OF  RESULTS 

1.  Determine  the  number  of  fruit  with  no 
scald,  slight  scald  and  severe  scald.  Slight 
scald  Is  that  affecting  10  percent  or  less  of 
the  skin  surface  and  Is  light  brown  In  Inten¬ 
sity.  Severe  scald  is  that  affecting  more  than 
10  percent  of  the  surface  or  is  dark  brown 
and  markedly  disfiguring. 

2.  Determine  flesh  firmness  of  fruit  from 
treated  and  control  fruit  samples  using  a 
fruit  pressure  tester  to  determine  any  ad¬ 
verse  effect  on  ripening  or  softening  rate. 

3.  Examine  fruit  for  “off  odor,”  "off  flavor,” 
vlslvle  residue,  lentlcel  injury  or  chemical 
burn  symptoms. 

References 

Dewey,  D.  H.,  and  D.  R.  Dllley.  1964.  Ckintrol 

of  Storage  Scald  of  Apples.  Mich.  State 

Univ.  Ext.  Bull.  470. 3  pp. 


FEDEKAL  REGISTER,  VOL.  40,  NO.  123— WEDNESDAY,  JUNE  25,  1975 


PROPOSED  RULES 


26861 


Hardenburg,  R.  E.,  and  R.  E.  Anderson.  1962. 
Chemical  Control  of  Scald  on  Apples  Grown 
In  Eastern  United  States.  UJ3.  Dept.  Agrlc. 
Mktg.  Res.  Rpt.  638.  47  pp. 

Huelln,  F.  E.  1964.  Superficial  scald,  a  func* 
tlonal  disorder  of  stored  apples.  U.  Pro¬ 
moters  and  Inhibitors.  J.  Sci.  Food  Agric. 
15:227-236. 

- .  1968.  Superficial  scald,  a  functional 

disorder  of  stored  apples.  III.  Concentration 
of  diphenylamlne  In  the  fruit  after  treat¬ 
ment.  J.  Sci.  Food  Agric.  19:294-296. 

Huelln,  F.  E.,  and  I.  M.  Cogglola.  1970.  Super¬ 
ficial  scald,  a  functional  disorder  of  stored 
apples.  VII.  Effect  of  applied  a-farnesene, 
temperature  and  diphenylamlne  on  scald 
and  the  concentration  of  oxidation  of 
a-farnesene  in  the  fruit.  J.  Sci.  Food  Agric. 
21:684-589. 

Mattus,  O.  E.,  and  H.  A.  Rollins,  Jr.  1963. 
Apple  Scald  Control.  Virginia  Polytechnic 
Inst.  Clrc.  940.  3  pp. 

Pierson,  C.  F.,  M.  J.  Ceponis,  and  L.P.  Mc- 
Colloch.  1971.  Market  Diseases  of  Apples, 
Pears,  and  Quinces.  U.S.  Dept.  Agric.  Agric. 
Handb.  376. 112  pp. 

Schomer,  H.  A.,  and  P.  C.  Marth.  1945.  Effect 
of  growth-regulating  substances  on  tfie 
development  of  apple  scald.  Bot.  Gaz. 
107:284-290. 

Smock.  R.  M.  1961.  Methods  of  Scald  Control 
on  the  Apple.  Cornell  Unlv.  Agric.  Expt. 
Sta.  Bull.  970.  55  pp. 

Smock,  R.  M.,  and  F.  W.  Southwlck.  1945. 
Studies  on  Storage  Scald  of  Apples.  Cor¬ 
nell  Unlv.  Agric.  Expt.  Sta.  Bull.  813.  39  pp. 

SUBPART  X 

Product  performance:  Invertebrate 
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Part  IV. — ^Product  Pxrformancx 

SXTBPART  B. — INVXRTXBRATX  COIfTROL  AGENTS 

The  methods  presently  referenced  in  this 
■ubpart  Include  only  bioassay  methods  de¬ 
veloped  by  the  Chemical  Specialties  Efianu- 
lacturers  Association  (CSMA).  They  are  ac¬ 


ceptable  for  deriving  data  for  product  regis¬ 
tration  In  laboratory  or  greenhouse  testing. 
No  field-testing  methods  or  protocols  are 
Included  at  this  time. 

FOLIAR  TREATMENT 

Fruiting  Vegetables.  CSMA.  1971.  Deter¬ 
mination  of  plant  safety  of  pressurized  form¬ 
ulations  for  use  on  plants  In  the  house  or 
garden.  Soap  Chem.  Spec.  Blue  Book.  47(4A) : 
173-174. 

Ornamental  Foliage  Plants  (private  and 
commercial  dwellings).  CSMA.  1971.  Deter¬ 
mination  of  plant  safety  of  pressurized  form¬ 
ulations  for  use  on  plants  In  the  house  or 
garden.  Soap  Chem.  Spec.  Blue  Book  47  (4A) : 
173-174. 

Greenhouse  Ornamentals.  CSMA.  1971,  De¬ 
termination  of  plant  safety  of  pressurized 
formulations  for  use  on  plants  In  the  house 
or  garden.  Soap  Chem.  Spec.  Blue  Book. 
47(4A)  :  173-174. 

LIVESTOCK,  POULTRY,  FUR  AND  WOOL-BEARING 
ANIMALS 

Dairy  Animals  as  Produce.  CSMA.  1971. 
Evaluation  of  field  performance  of  oil -based 
livestock  sprays.  Soap  Chem.  Spec.  Blue 
Book.  47(4A)  :172,  190. 

Fur  and  Wool-bearing  Animals  as  Produce. 
CSMA.  1971.  Evaluation  of  field  performance 
of  oil-based  livestock  sprays.  Soap  Chem. 
Spec.  Blue  Book.  47  (4A)  :172,  190. 

Meat  Animals  for  Slaughter.  CSMA.  1971. 
Evaluation  of  field  performance  of  oil-based 
livestock  sprairs.  Soap  Chem.  Spec.  Blue  Book. 
47(4A):172,  190. 

Miscellaneous  Animals  (not  Intended  for 
slaughter).  CSMA.  1971.  Evaluation  of  field 
performance  of  oil-based  livestock  sprays. 
Soap  Chem.  Spec.  Blue  Book.  47(4A)  :172, 190. 

PREMISE  TREATMENTS 

Household.  CSMA.  1971.  Determination  of 
plant  safety  of  pressurized  formulations  for 
use  on  plants  In  the  house  or  garden.  Soap 
Chem.  Spec.  Blue  Book.  47(4A) :  173-174. 
CSMA.  1971.  Cockroach  spray  method.  Soap 
Chem.  Spec.  Blue  Book.  47(4A)  :166-167. 
CSMA.  1971.  Cockroach  aerosol  test  method. 
Soap  Chem.  Spec.  Blue  Book.  47(4A) :  164-165, 
191.  CSMA.  1971.  The  Peet-Grady  method: 
official  method  of  the  CSMA  for  evaluating 
liquid  household  Insecticides.  Soap  Chem. 
Spec.  Blue  Book.  47  (4A) :  158-160.  CSMA.  1971. 
Aerosol  and  pressurized  space  spray  insecti¬ 
cide  test  method  for  fiying  Insects.  Soap 
Chem.  Spec.  Blue  Book.  47(4A)  :161-163, 
191.  CSMA.  1971.  Textile  resistance  test.  Soap 
Chem.  Spec.  Blue  Book.  47(4A)  :168-171. 

Commercial  Storage  and  Transportation 
Facilities.  CSMA.  1971.  Aerosol  and  pressur¬ 
ized  space  spray  Insecticide  test  method  for 
fiying  Insects.  Soap  Chem.  Spec.  Blue  Book. 
47(4A) :  161-163, 191. 

Hospitals.  CSMA.  1971.  Aerosol  and  pres¬ 
surized  space  spray  Insecticide  test  method 
for  fiying  Insects.  Soap  Chem.  Spec.  Blue 
Book.  47(4A) :  161-163, 191. 

Commercial,  Industrial  and  Institutional 
Maintenance.  CSMA.  1971.  Aerosol  andjires- 
surized  space  spray  Insecticide  test  method 
for  fiying  Insects.  Soap  Chem.  Spec.  Blue 
Book.  47(4A) :  161-163,  191. 

Food  Processing  Plants.  CSMA.  1971.  Cock¬ 
roach  spray  method.  Soap  Chem.  Spec.  Blue 
Book.  47(4A) :  166-167.  CSMA.  1971.  Aerosol 
and  pressurized  space  spray  Insecticide  test 
method  for  fiying  insects.  Soap  Chem,  Spec. 
Blue  Book.  47(4A)  :161-163. 191. 

Eating  Establishments.  CSMA.  1971.  Cock¬ 
roach  spray  method.  Soap  Chem.  Spec.  Blue 
Book.  47(4A) :  166-167.  CSMA.  1971.  Aerosol 
and  pressurized  space  spray  insecticide  test 
method  for  flying  insects.  Soap  Chem.  Spec. 
Blue  Book.  47(4A) :  161-163, 191. 

Animal  Feedlots  and  Holding  Pens.  CSMA. 
1971.  AerosiH  and  pressurized  space  spray 


Insecticide  test  method  for  fiying  Insects. 
Soap  Chem.  Spec.  Blue  Book.  47(4A):161- 
163,  191. 

Farm  Poultry  Houses  and  Yards.  CSMA. 
1971.  Aerosol  and  pressurized  space  spray  In¬ 
secticide  test  method  for  fiying  insects.  Soap 
Chem.  Spec.  Blue  Book.  47(4A) :  161-163,  191. 

Farm  Dairy  Structures.  CSMA.  1971. 
Aerosol  and  pressurized  space  spray  Insecti¬ 
cide  test  method  tor  fiying  insects.  Soap 
Chem.  Spec.  Blue  Book.  47(4A) :  161-163,  191. 

Animal  Buildings  (other  than  dairy  or 
poultry).  CSMA.  1971.  Aerosol  and  pres¬ 
surized  space  spray  Insecticide  test  method 
for  fiying  Insects.  Soap  Chem.  Spec.  Blue 
Book. 47(4A) :  161-163,  191. 

Farm  Storage  Structures  and  Equipment. 
CSMA.  1971.  Aerosol  and  pressurized  space 
spray  Insecticide  test  method  for  flying  In¬ 
sects.  Soap  Chem.  Spec.  Blue  Book.  47(4A): 
161-163,  191. 

Greenhouses  and  Mushroom  Houses 
(empty).  CSMA.  1971.  Aerosol  and  pres¬ 
surized  space  spray  insecticide  test  method 
for  flirlng  Insects.  Soap  Chem.  Spec.  Blue 
Boole.  47(4A) :  161-163,  191. 

STORED  PRODUCTS 

Stored  Raw  Agricultural  Food  and  Feed 
(except  grain).  CSMA.  1971.  Cockroach 
spray  method.  Soap  Chem.  Spec.  Blue  Book. 
47(4A) :  166-167. 

Stored  Food  and  Feed  Products.  CSMA. 
1971.  Cockroach  ^ray  method.  Soap  Chem. 
Spec.  Blue  Book.  47  (4A) :  166-167. 

FABRICS 

Laundry  and  Dry  Cleaning.  CSMA.  1971. 
Textile  resistance  test.  Soap  Chem.  Spec. 
Blue  Book.  47(4A) :  168-171. 

Commercial  and  Industrial  Products. 
CSMA.  1971.  Textile  resistance  test.  Soap 
Chem.  Spec.  Blue  Book.  47(4A) :  168-171. 
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Pakt  IV. — Product  Performancx 

SUBPART  F. — VERTEBRATE  CONTROL  AGENTS 

This  subpart  represents  an  appraisal  of 
current  methodology  for  evaluating  the  ef¬ 
ficacy  of  vertebrate  control  agents.  The  clas¬ 
ses  of  agents  scrutinized  are  toxicants,  repel¬ 
lents  (Including  aversive  conditioners), 
reproductive  Inhibitors,  anesthetizing  chemi¬ 
cals  and  devices.  The  mode  of  action  of  the 
control  agents  could  not  be  examined  on  an 
agent-by-agent  basis,  especially  In  respect  to 
the  chemical  senses.  The  vertebrate  species 
Include  amphibians,  reptiles,  birds  and  mam¬ 
mals.  The  text  is  arranged  in  phylogenetic  or¬ 
der,  with  any  necessary  Introductory  explana¬ 
tion  about  the  methods  preceding  each  tar¬ 
get  species.  (For  fish,  see  Part  IV .B.,  Aquatic 
Pest  Control  Agents,  and  Part  vn.B.,  Aquatic 
Toxicology.) 

The  appraisal  primarily  evaluates,  or  refer¬ 
ences,  methods  that  have  been  tested  and 
published  in  Journals  and  technical  bulle¬ 
tins;  some  information  was  derived  from  un¬ 
published  reports  and  manuscripts.  The  fact 
that  only  limited  research  has  been  con¬ 
ducted  to  test  many  vertebrate  control  agents 
accounts  for  the  paucity  of  citations  In  some 
areas.  Also,  control  agents  for  some  species, 
such  as  bears,  have  not  been  extensively 
studied  because  the  damage  caused  by  the 
animal  to  human  property  or  interests  is 
limited. 

Most  target  groups  lack  well  documented. 
Bound  experimental  protocols  at  this  time. 
A  great  deal  more  research  is  needed  in  some 
areas  before  complete,  acceptable  testing  pro¬ 
tocols  can  be  defined. 

AMPHIBIAN  TOXICANTS  AND  REPELLENTS 

Many  repellents  and  toxicants  for  amphi¬ 
bians  could  be  tested  following  the  methods 
used  for  fish,  since  in  most  cases  problems 
caused  by  them  are  associated  with  fish  pro¬ 
duction.  Tadpoles,  for  example,  are  no  prob¬ 
lem  where  there  are  bass  present  in  ponds, 
but  In  hatchery  situations  they  may  multiply 
rapidly  and  Interfere  with  the  growth  of  de¬ 
sirable  fish  (Helms,  1967).  There  are  some 
notable  exceptions;  Le.,  native  toads  have 
been  reported  to  eat  bees  in  apiaries  In  large 
numbers  In  California  (Eckert,  1634). 

Laboratory  Studies.  It  is  necessary  to  know 
the  complete  life  history  of  the  particular 
lunphlblan  which  one  wishes  to  control,  since 
the  laboratory  studies  would  vary  according 
to  the  phase  of  the  life  cycle  the  toxicant  or 
repellent  is  to  control.  Testing  to  determine 
IiC-60  values  at  24,  48  and  72  hr  (Helms, 
1967)  was  done  In  15-gal.  aquaria.  Three  to 
6  test  Anim«.iR  were  placed  in  each  aquarium 
and  then  the  test  chemical  was  added.  A 
sixth  aquarium  was  maintained  as  a  control. 
Bullfrog  and  leopard  frog  tadpoles  and  a  few 
q>ecles  of  toad  tadpoles  were  tested.  Seven 
^>eclee  of  fish  were  also  tested  imder  identi¬ 
cal  conditions. 

Field  Studies.  After  testing  In  aqparla. 
Helms  conducted  field  studies.  The  methodol¬ 
ogy  varied  depending  on  the  life  history  of 
the  organism.  In  the  case  of  tadpoles,  9  treat¬ 
ments  wwe  carried  out  In  6  different  ponds. 
Following  treatment,  the  tadpole  numbers 
were  checked  by  seining  to  determine  the 
completeness  of  kill  and  whether  nontarget 
species  were  affected. 
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REPTILE  TOXICANTS  AND  REPELLANTS 

The  reptiles  Include  the  skinks,  homed 
toads,  alligators,  turtles  and  snakes.  The 
lizards  seldom  need  control,  and  turtles  can 
be  controlled  by  trapping,  fishing  or  shoot¬ 
ing  (Dillard,  1973).  Alligators  are  protected 
by  Federal  law. 

Many  snakes  are  beneficial  or  neutral  be¬ 
cause  they  consume  rodents  and  Insects. 
With  about  400  deaths  per  year  from  snake¬ 
bite  In  North  America,  and  worldwide,  about 
60,000  deaths  per  year  (Swaroop  and  Grab, 
1654),  however,  some  reptiles  may  require 
control. 

Toxicants.  No  test  methods  for  reptile 
toxicants  were  identified  for  review. 

Repellents.  Some  of  the  literature  points 
out  that  repellents  may  be  acceptable  con¬ 
trol  measures.  Cowles  and  Phelan  (1958) 
have  shown  that  snakes  are  very  sensitive  to 
odors.  Crawford  and  Gross  (1669)  have 
shown  that  snakes  show  heart  and  respira¬ 
tion  rate  responses  to  chemical  stimuli. 

Porter  and  Czaplickl  (1974)  have  shown 
that  both  water  snakes  and  garter  snakes 
are  sensitive  to  chemical  cues  produced  by 
themselves  or  other  species.  TTie  authors 
conducted  a  series  of  experiments  to  test  the 
attractiveness  or  the  repellency  of  snakes 
to  others  of  the  same  species  or  other  species. 

The  first  set  of  experiments  was  carried 
out  with  small  snakes  (less  than  17.7  in.). 
Ten  glass  aquaria  with  slate  bottoms  and 
porous  Ikls  were  used.  Ihese  were  divided  In 
by  tightly  fitting  partitions.  The  stimu¬ 
lus  snake  was  confined  to  one  side  for  47il 
hr.  All  snakes  defecated  In  their  halves  dur¬ 
ing  the  exposure  period.  At  the  end  of  the 
confinement  the  snake  and  partition  was  re¬ 
moved.  A  strip  of  tape  was  used  to  mark 
the  bottom  where  the  partition  bad  rested. 
One  test  snake  was  then  laid  on  the  tape 
and  the  Side  (soiled  versus  clean)  to  which 
it  moved  was  recorded.  The  snake's  position 
was  noted  every  30  min  throughout  an  8-hr 
period.  When  using  wUd-caught  gar¬ 
ter  anak**,  the  auUiors  employed  larger 
testing  chambers.  These  were  divided  In  the 
aamm  maimer  and  procedures  were  the 
same. 

Jenkins*  (1962)  method  for  screening  was 
to  place  3  pairs  of  boxes,  each  box  with  one 
end.  In  pens.  The  tops  of  the  boxes  were 
removable  and  the  floors  were  covered  with 
soil.  The  boxes,  similar  to  squirrel  live  traps. 


wen  placed  at  right  angles  to  the  axis  of  the 
pen.  Two  innings  faced  In  the  same  direction 
for  each  pair.  This  direction  was  opposite  to 
that  of  the  adjacent  pair.  Every  other  box  was 
used  as  a  control.  All  snakes  were  marked,  for 
ease  of  identification,  and  placed  In  the  ends 
of  the  pen  farthest  from  the  boxes  and  ob¬ 
served. 
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AVIAN  TOXICANTS,  REPELLENTS,  REPRODUCTIVE 
INHIBITORS  AND  ANESTHETIZIMC  CHEMICALS 

No  specific  laboratory  or  field  test  protocols 
exist  for  the  efficacy  evaluation  of  avian  toxi¬ 
cants,  repeUents,  reproductive  Inhibitors  and 
anesthetizing  chemicals.  Recent  publications 
by  Lee  (1970),  Ochs  (1972)  and  Schafer  and 
Guarlno  (1970)  provide  brief  de8cr4>tlons  of, 
and  the  rationale  behind,  some  tests.  Since 
many  of  the  laboratory  tests  necessary  to  es¬ 
tablish  efficacy  are  described  in  detail  In 
Part  VII  of  this  Appendix  (Hazard  Evalua¬ 
tion,  human  and  domestic  animal  toxicity 
data  and  fish  and  wildlife  toxicity  data) ,  this 
dlscusslCHi  will  elaborate  on  laboratory  tests 
only  when  It  Is  necessary  to  provide  addi¬ 
tional  Information  relative  to  avian  control. 
The  primary  emphasis  wUl  be  directed  to¬ 
ward  efficacy  determinations  In  the  field. 

Discussions  rtiative  to  laboratory  studies 
for  toxicants,  repellents,  reproductive  inhib¬ 
itors  and  anesthetizing  chemicals  have  been 
combined  under  one  heading  (Laboratory 
Methods)  since  a  majority  of  the  laboratory 
tests  must  be  conducted  on  all  chemicals.  Ir¬ 
respective  of  the  proposed  use.  References  to 
special  studies  .or  special  emphasis  relating 
to  individual  proposed  uses  are  made  In  the 
text. 

Discussions  relative  to  field  studies  are 
broken  down  by  the  4  major  groups,  since 
evaluation  procedures  in  the  field  vary  con¬ 
siderably.  Field  test  protocols  for  bird  am- 
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trol  agents  are  still  In  the  developmental 
stages.  Since  many  of  the  referenced  tests 
were  conducted  bef(»'e  the  most  recent  leg¬ 
islative  action  on  FIFRA,  as  amended,  most 
of  them  are  lacking  In  one  or  mOTe  of  the 
studies  now  required.  A  number  of  areas 
can  and  should  be  strengthened  with  regard 
to  all  tests: 

1.  Better  knowledge  of  cultural  practices 
and  bird  populations  In  test  areas. 

2.  Use  of  larger  experimental  units. 

3.  Strict  adherence  to  treatment  schedules. 

4.  Use  of  controls  dmlng  the  same  test 
period. 

6.  Use  of  more  replications  per  test. 

6.  Proper  application  of  statistical  tech¬ 
niques. 

7.  More  adequate  appraisal  of  hazards  to 
nontarget  ^ecles. 

It  must  Mso  be  recognized  that  the  field 
evaluation  of  efficacy  of  any  bird  control 
agent  depends  on  conducting  the  test  In  the 
proper  area  at  the  proper  time.  Birds  and  bl- 
olo^sts  are  not  always  able  to  mesh  their 
activities  In  well  controlled  or  Ideal  test  sit¬ 
uations;  therefore,  any  proposed  protocol 
must  be  adaptable  to  existing  test  situations. 
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AVIAN  TOXICANTS,  REPELLENTS,  REPRODUCTIVE 
INHIBITORS  AND  ANESTHETIZINO  CHEMICALS: 
LABORATORY  METHODS 

Acute  Toxicity.  The  various  methods  for 
determining  acute  oral  and  dermal  toxicity 
In  birds  are  described  In  Part  vn  of  this  Ap¬ 
pendix;  however,  since  control  agents  are  sel¬ 
dom  developed  for  use  on  the  test  species 
recommended  In  Part  VII  (l.e.,  ducks  and 
quail).  It  will  be  necessary  to  conduct  LD-50 
evaluations  on  the  target  species  and  on 
selected  nontarget  species  which  may  be 
affected  by  the  proposed  control  agent.  Since 
availability  of  wild  birds  for  tests  (partic¬ 
ularly  protected  and/or  nontarget  species) 
may  be  severely  restricted,  It  may  be  neces¬ 
sary  to  conduct  LD-60  determinations  with 
what  would  normally  be  considered  less- 
than-sufflclent  numbers.  The  moving  point 
Interpolation  method  described  by  Thomp¬ 
son  (1947),  Thompson  and  Well  (1952), 
and  Well  (1952)  Is  particularly  appri^rlate 
for  this  purpose.  Descriptions  of  the  use  of 
this  method  for  wild  birds  are  provided  by 
DeClno  et  al.  (1966),  Schafer  (1972),  schafer 
et  al.  (1973),  and  Tucker  and  Crabtree 
(1970). 

Subacute  Toxicity.  The  exact  technique 
used  to  determine  subacute  toxicity  will  de¬ 
pend  on  the  proposed  application  of  the  con¬ 
trol  agent.  Tests  should  be  conducted  on  tar¬ 
get  and  selectd  nontarget  species.  For  pro¬ 
posed  applications  resulting  In  short-term 
exposure,  the  5-day  dietary  LC-50  test  proto¬ 
col  developed  by  Heath  and  Stlckel 
(1965)  as  modified  by  Hill  (1972)  may 
suffice.  Since  many  applications  of  con¬ 
trol  agents  (l.e.,  repellents)  may  re¬ 
sult  In  longer  exposure,  longer  term  tests 
Should  be  conducted  to  approximate  the 
maximum  period  of  exposure.  The  7-  to  40- 
day  test  procedures  described  by  Schafer  and 
Marking  (1974),  Schafer  et  al.  (1974b),  and 
Tucker  and  Crabtree  (1970)  may  suffice  for 
most  applications.  It  may,  however,  be 
necessary  to  conduct  studies  for  as  long  as 
90  days;  in  this  case  the  methodology  de¬ 


scribed  by  Hayes  (1967)  may  be  acceptable. 
Again,  the  size  of  test  populations  will  neces¬ 
sarily  vary  with  the  availability  of  the  test 
species. 

Inhalation  Toxicity.  Data  on  Inhalation 
toxicity  will  be  necessary  on  the  target  species 
and  on  representative  nontarget  species  if 
the  proposed  use  of  the  control  agent  results 
In  respirable  gas,  fumes,  aerosols  or  dusts. 
Because  there  are  no  published  records  of 
laboratory  tests  using  wild  avian  species, 
modified  mammalian  tests  can  be  used. 

Secondary  Hazards.  Since  the  use  of  avian 
control  agents  In  urban  and  suburban  areas 
presents  a  potential  hazard  to  carnivorous 
avian  and  mammalian  predators.  Indicative 
data  related  to  the  proposed  use  should  be 
gathered  to  define  the  degree  of  hazard  to 
canines  or  felines,  at  least  1  species  of  hawk 
and  1  species  of  scavenger  bird.  Schafer  et  al. 
( 1974a)  describes  some  test  methods.  Because 
of  the  nature  of  the  tests  and  availability  of 
suitable  test  animals,  small  test  populations 
will  be  acceptable  unless  hazards  are  encoun¬ 
tered.  If  hazards  are  found,  more  extensive 
testing  may  be  required. 

Repellents.  The  repellency  (or  acceptance) 
of  a  compound  can  be  determined  by  a  num¬ 
ber  of  different  techniques.  The  initial  evalu¬ 
ation  may  utilize  the  individual  response — no 
choice  method  described  by  Star  et  al.  (1964) 
and  modified  by  Schafer  and  Brunton  ( 1971 ) . 
Although  this  method  usually  overestimates 
the  amount  of  chemical  needed  to  produce  a 
repellent  response  under  field  conditions.  It 
does  provide  data  on  the  maximum  treat¬ 
ment  levels  needed  to  produce  protection.  TO 
determine  comparative  repellency  (or  accept¬ 
ance)  of  a  chemical  In  individual  birds  and 
groups  on  preference,  the  methodology  de¬ 
scribed  by  Hill  (1972),  Luckwill  and  Weaver 
(1965),  McLean  (1972)  or  Ridsdale  and  Oran- 
ett  (1969)  may  be  acceptable.  Although 
Indications  of  the  repellency  (or  acceptance) 
of  chemicals  can  also  be  obtained  when  the 
chemical  Is  incorporated  Into  drinking  water 
(Duncan  1963),  tests  on  foods  are  preferred 
unless  water  is  the  item  to  be  protected. 

Reproductive  Inhibitors.  Few  laboratory 
methods  have  been  published  on  wild  avian 
reproduction.  Since  most  wild  birds  are  diffi¬ 
cult  to  breed  In  captivity,  domesticated 
species  have  generally  been  used.  The  appli¬ 
cation  of  a  potential  reproductive  Inhibitor 
to  food  is  the  principal  treatment  method, 
assuming  the  proposed  application  uses  oral 
Ingestion.  Methodology  for  determining  effi¬ 
cacy  In  domesticated  species  are  described  by 
Elder  (1964),  Powell  (1966),  and  Wentworth 
(1970)  for  chronic  feeding;  Jones  et  al.  (1972) 
and  l^hafer  et  al.  (1974c)  for  acute  treat¬ 
ment  of  males;  and  Wentworth  et  al.  (1968) 
for  the  treatment  of  eggs. 

Anesthetizing  Chemicals.  Laboratory  meth¬ 
ods  for  testing  a  chemical's  effectiveness  as 
an  anesthetizing  chemical  are  described  by 
Cline  and  Greenwood  (1972),  Peek  (1966), 
Schafer  et  al.  (1967),  and  Schafer  and  Cun¬ 
ningham  (1972). 
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AVIAN  TOXICANTS — ^FIELD  METHODS 

There  are  5  published  methods  that  can  be 
used  to  appraise  the  efficacy  of  oral  bird 
toxicants  under  different  application  situa¬ 
tions:  Besser  et  al.  (1967);  Crunden  et  el. 
(1965):  Quarlno  and  Schafer  (1967);  Royall 
etal.  (1967);  and  Larsen  and  Dietrich  (1970). 
Although  the  methodology  described  covers 
basic  needs  to  determine  efficacy,  more  effort 
needs  to  be  exi>ended  with  regard  to  non¬ 
target  species. 

Acceptable  test  methodology  for  determin¬ 
ing  the  efficacy  of  dermal  toxicants,  applied 
as  sprays,  are  readily  available:  Jackson  and 
Park  (1973);  Lefebvre  and  Seubert  (1970); 
Marsh  (1964);  and  UB.  Pish  and  WUdUfe 
Service  (1973),  Although  these  methods  may 
be  used  for  spray  applications,  they  are  de¬ 
ficient  In  Information  regarding  hazards  to 
nontarget  species.  A  single  test  for  contact 
toxicants  Is  available  (Schafer  et  al.  1969); 
again,  additional  data  on  hazards  to  non¬ 
target  species  may  need  to  be  provided. 

A  single  published  test  Is  available  for  de¬ 
termining  the  efficacy  of  Inhalation  toxi¬ 
cants  (Devore  et  al.  1966). 
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AVIAN  REPELLENTS - FIELD  METHODS 

The  determination  of  the  field  efficacy  of 
avian  repellents  Is  based  on  3  main  factors — 
changes  In  behavior,  reduction  of  bird  num¬ 
bers  and  a  reduction  In  damage.  There  are 
2  major  types  of  chemical  repellents — e;usta- 
tory  and  tactile;  each  requires  somewhat 
different  evaluation  procedures. 

The  gustatory  repellents,  those  acting 
through  some  physiological  mechanism  dur¬ 
ing  or  after  oral  Ingestion,  have  been  the 
most  thoroughly  Investigated  and  appraisals 
exist  for  sprouting  agricultural  seeds  (Besser, 
1973,  Fnmk  et  al.,  1970,  Ouarino  and  Forbes, 
1970,  Herman  and  Ko'.be,  1971,  Ingram  et  al., 
1973,  Stickley  and  Ouarino,  1972,  West  and 
Dun^  1969  and  West  et  al.,  1969) ;  sprouting 
horticultural  seeds  (Abbott,  1958,  Royall  and 
Ferguson,  1962);  and  ripening  grain  (De- 
Haven  et  al.,  1973,  Dolbeer  et  al.,  1973,  Oua¬ 
rino  et  al.,  1973,  1974  and  Stickley  and  In¬ 
gram  1973) .  It  is  particularly  important  that 
minimum  plot  sizes  be  established  according 
to  the  recommendations  of  Ouarino  (1972) 
and  Herman  and  Kolbe  (1971)  and  that  rep¬ 
lications  be  used. 

Other  gustatory  repellents  are  those  that 
Induce  a  behavioral  response  In  a  very  small 
proportion  of  birds  causing  damage.  Four 
published  appraisals  contain  Information: 
Besser  et  al.  (1973);  De  Grazlo  et  al.  (1971, 
1972):  and  Stickley  et  al.  (1972).  Again,  test 
plot  size  and  replications  are  of  prime  Im¬ 
portance. 

There  are  no  published  acceptable  proce¬ 
dures  for  evaluating  tactile  avarlan  repel¬ 
lents. 
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AVIAN  XEFSODUCnVE  INHIBITORS — FIELD 
METHODS 

Only  a  few  tests  on  efficacy  of  reproductive 
Inhibitors  have  been  conducted  to  date.  The 
variety  of  species  evaluated  Is  limited  and  the 
adequacy  of  test  methodology  In  Individual 
studies  Is  not  established.  Efficacy  determi¬ 
nations  require  measuring  fertility  rates  of 
treated  and  untreated  birds  and  effects  on 
breeding  behavior,  production  and  popula¬ 
tion  levels. 

Test  procedures  have  been  developed  for 
evaluating  the  effects  of  reproductive  inhibi¬ 
tors  In  various  blackbird  species  (Bray  et  al., 
1974;  Frlnger  and  Oranett,  1970;  Messer- 
smlth,  1971;  Peek.  1972;  and  Vandenbergh 
smd  Davis,  1962).  In  a^ltlon  to  the  pro- 
ductlcm  studies  common  to  each  paper,  his¬ 
tological  evaluations  of  treated  birds  (male 
and/cff  female)  are  outlined  by  Vandenbergh 
and  Davis  (1962)  and  behavioral  aspects  are 
described  by  Bray  et  al.  (1974)  and  Peek 
(1972).  Effects  on  nontarget  species  should 
also  be  Included  In  the  test  design. 

Test  procedmrs  are  less  well  developed  for 
field  evaluations  In  pigeons  (Shortemeyer 
and  Beckwith,  1970;  Wofford  and  Elder,  1967; 
and  Woulfe,  1968)  and  should  be  augmented 
with  data  on  productivity,  histology,  breed¬ 
ing  behavior  and  effects  on  nontarget 
species. 

Procedures  are  also  available  for  gulls 
(Wetherbee,  1967) . 
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AVIAN  ANESTHETIZING  CHEMICALS — AFIELD 
METHODS 

The  most  Important  measures  of  the  field 
efficacy  evaluation  are  percent  capture,  mw- 
tallty,  the  time  until  anesthesia  and. the 
duration  of  anesthesia.  For  control  programs, 
plantation  reduction  by  capture  and  removal 
is  also  important. 

Methods  lor  evaluating  the  effects  ot  anes¬ 
thetizing  chemicals  on  upland  game  birds 
have  been  described  by  MoSby  and  Cantner 
(1966),  WUllams  (1966,  1967),  WiUiams  and 
PhUllps  (1973)  and  WUllams  et  al.  (1966). 
However,  additional  Information,  such  as 
hazards  to  nontarget  species  and  body  resi¬ 
dues  In  treated  birds,  may  also  be  required. 
Accurate  scientific  description  of  measure¬ 
ment  parameters  must  also  be  used  (i.e.,  g/kg 
bait  not  g/cup). 

Methods  for  using  anesthetizing  chemicals 
to  capture  waterfowl  are  also  available 
(Crider  and  McDaniel,  1966,  1967,  1968  and 
Crider  et  al.,  1968) ;  however,  these  methods 
are  not  complete  and  additional  Information 
may  be  necessary.  Additional  methodology  la 
described  for  other  species  oi  birds  commonly 
found  near  water  (Smith,  1967  and  WUllams 
and  PhUllps,  1973). 

Methodology  for  urban  pigeon  and  sparrow 
control  with  anesthetics  are  well  detailed  by 
Murton  et  al.  (1963),  Rldpath  et  al.  (1961) 
and  Thearle  et  al.  (1671),  although  certain 
aspects  (e.g.,  hazards  to  domestic  animals) 
may  need  more  documentation.  Methodology 
for  the  use  of  anesthetizing  chemicals  in 
rural  situations  are  beet  described  by  Martin 
(1967).  Murton  et  al.  (1963),  Rldpath  et  al. 
(1961)  and  WUllams  and  PhUUps  (1972); 
howvnr,  hazards  to  predatcM^  animals  may 
need  more  documentation. 
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BCWXMTICIDXS — ACUTS  AND  CRBONIC 

One  of  the  earliest — and  relatively  oom- 
prehenslve — publications  available  on  ro- 
denUcldes  and  their  efficacy  Is  "Biological 
Methods  for  the  Evaluation  of  Rodentlcldes," 
Bentley,  1968.  In  1963,  Kvemo  and  Hood  pub¬ 
lished  a  volume  on  the  evaluation  procedures 
and  standards  for  screening  and  developing 
chemicals  for  forest  rodent  control. 

Laboratory  Methods.  The  Environmental 
Protection  Agency  has  developed  methods 
that  have  been  used  for  establishing  labora¬ 
tory  efficacy  of  rodentlcldes  for  conunensal 
rodents.  (See  Exhibits  1-6.) 

Articles  concerning  laboratory  test  method¬ 
ology  have  been  published  by  various  re¬ 
searchers:  World  Health  Organization,  1967; 
Bentley  and  Larthe,  1959;  Dieke  and  Richter. 
1946;  Durbin  and  Robens,  1964;  Emlen  and 
Strecker,  1951;  Hayes,  1959;  Hankins,  et  al„ 
1973;  Howard  et  al.,  1968;  Loosjes,  1969;  Satm- 
ders,  1955;  Savarie  et  al.,  1973;  and  Ward 
et  al.,  1940. 

Field  Methods.  Emlen  and  Crow  (1951), 
MUler  (1953),  Rlchens  (1967) .  Scheln  (1950), 
and  Wood  (1965)  have  reported  on  field 
studies  which  utilized  techniques  or  method¬ 
ology  of  value  to  those  unfamiliar  with  set¬ 
ting  up  field  evaluations. 

The  food  preferences  of  the  target  species, 
as  well  as  the  acceptance  or  palatabllity  of 
the  prepared  bait  will  have  a  direct  bearing 
on  efficacy  in  both  the  laboratory  and  field. 
Thus  techniques  or  methods  for  measuring 
food  preferences  or  acceptance  should  be 
recognized  as  an  integral  part  of  evaluating  a 
rodenticlde  for  any  species.  Bentley  (1958) 
discussed  palatabllity  of  baits  in  considerable 
detail.  His  evaluations  included  measuring 
l^e  number  of  visits  to  the  bait,  duration  of 
feeding,  amount  consumed,  and  rate  of  in¬ 
take.  He  also  included  comments  on  the  time 
of  onset  of  poison  symptoms  and  bait 
shyness. 

Shumake  et  al.  (1971)  made  comparisons  of 
taste  preference  studies  between  laboratory 
and  wild  Norway  rats.  Barnett  and  Spencer 
(1953)  conducted  an  extensive  study  of  food 
preferences  of  wild  Norway  rats,  and  Khan 
(1974)  conducted  laboratory  experiments  on 
food  preferences  of  the  black  rat.  Other  re¬ 
searchers,  such  as  Oregson  (1966),  Cornwell 
and  Bull  (1967),  Beer  (1964),  Patrlc  (1970), 
Fitch  (1954),  Joy  et  al.  (1967),  and  Nass  and 
Hood  (1969),  have  published  data  which  may 
be  valuable  to  those  trying  to  formulate 
better  rodent  baits. 
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Exhibit  1 

TENTATIVE  ANTICOAGULANT  RAT  LIQUID  BAIT  TEST 
METHOD 

(This  method  was  prepared  by  the  Tech¬ 
nical  Services  Division,  OPP,  EPA.  The  for¬ 
mat  fi^lows  the  style  requirements  of  the 
American  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  Intended  for  use  to  kill  rats 
must  be  tested  to  demonstrate  rodenticidal 
effectiveness.  This  test  method  is  applicable 
in  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insecti¬ 
cide,  Fungicide,  and  Rodenticlde  Act,  as 
amended.  It  is  designed  to  determine  ef¬ 
fectiveness  of  liquid  anticoagulant  rodentl¬ 
cldes  applied  according  to  instructions  on 
the  labeling. 

2.  Test  Animals. 

2.1  All  rats  used  In  this  test  shall  be 
Norway  rats  (Rattus  norvegicus) ,  wild  caught 
or  from  a  wild  rat  colony;  or  albino  rats 
(Wlstar  Strain  preferred) .  Ectoparasite  con¬ 
trol  with  6%  Sevln  (1-napthyl-N-methyl- 
carbamate)  dust  Is  permissible  if  applied  to 
both  test  and  control  animals  not  less  than 
7  days  prior  to  start  of  test.  The  test  rodents 
should  fall  within  the  following  sexually 
mature  weight  classes  (In  grams) . 


Maximum 

Mini- 

Maxi- 

acceptable 

mum 

mum 

difference  in 
average  weight 
between  sexes 

Laboratory  rat _ 

150 

300 

50 

Norway  rat . 

175 

400 

05 

3.  Pre-test  Holding  Conditions. 

3.1  All  rats  used  in  this  test  method  must 
be  held  for  observation  in  the  laborateny  for 
a  period  of  one  week  prior  to  testing.  A  com¬ 
mercial  rat  diet  and  water  must  be  available 
to  them  at  all  times.  The  standard  TSD  chal¬ 
lenge  diet  must  not  be  used  for  pre-test 
feeding. 
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4.  Holding  ftnd  Tsst  Clondltloiui. 

4.1  Temperature,  20  to  25  C;  Relative  hu¬ 
midity.  60:±10%;  Light,  Twelve  h  artificial 
light  per  day.  not  to  exceed  2163  lx  at  cage 
location. 

4.2  The  standard  TSD  challenge  diet  mix 
shall  be  composed  of:  Cornmeal  (whole  y^- 
low  grotmd  com) ,  65%  by  weight;  Rolled  oats 
(steamed).  25%  by  weight;  Powdered  sugar 
(10  X  powdered  confectioners) ,  5%  by  weight; 
Cora  oil,  5%  by  weight.  Combine  dry  Ingredi¬ 
ents,  add  oil,  and  mix  thoroughly.  Assure  that 
the  mixing  utensils  are  clean  of  contami¬ 
nation  before  preparing  diet  mix. 

5.  Procedure. 

5.1  A  test  group  consists  of  ten  male  and 
ten  female  rats,  group-caged.  Include  one 
untreated  test  group  in  each  test  as  a  control. 
If  a  series  of  tests  are  being  conducted  at 
the  same  time  on  the  same  species,  only  one 
imtreated  control  group  need  be  included. 

5.2  Provide  each  cage  with  a  feeder  filled 
daily  with  the  standard  TSD  challenge  diet 
(4.2). 

5.3  Provide  each  treated  cage  with  equal 
number  of  graduated  no-drlp  waterers.  Fill 
half  the  waterers  with  tap  water  and  the 
other  half  with  the  test  liquid  bsdt  formula¬ 
tion  diluted  with  tap  water  according  to  use 
directions.  A  minimum  of  20  ml  of  each 
liquid,  water  and  liquid  bait,  per  animal  per 
day  should  be  available.  Waterers  should  be 
supplied  In  sufficient  quantity  to  exceed  this 
demand.  Replenish  liquids  as  necessary  so 
that  both  are  always  equally  available  to  test 
animals.  Reverse  position  of  the  waterers 
dally.  The  control  group  shall  be  provided 
with  graduated  no-drlp  waterers  filled  only 
with  tap  water.  Each  day  record  the  total 
quantity  of  each  liquid  consumed  during  the 
preceding  24  h. 

6.  Test  Period. 

6.1  Maintain  test  period  for  15  days,  un¬ 
less  a  100%  mortality  of  test  rats  ir  recorded 
prior  to  that  time.  Remove  dead  rats  dally 
or  as  observed. 

6.2  Remove  toxicant  waterer  at  the  end  of 
the  15-day  test  period  and  leave  tap-water 
waterer. 

7.  Test  Period  Follow-up. 

7.1  Maintain  observation  on  surviving  rats 
for  five  days  following  test  period,  reporting' 
unnatural  or  unusual  activities  in  test  report. 

8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
each  rat  killed  each  day  diulng  the  test  period 
and  the  five-day  post-test  period  and  the 
amount  of  liquids  consiuned.  Use  grouped 
data  averages  for  evaluation.  The  test  prod¬ 
uct  is  ccmsldered  satisfactory  if  a  minimum 
mortality  of  90%  is  obtained. 

Exhibit  2 

TENTATIVE  ANTTCOAGUIANT  MOUSE  BAIT  TEST 
METHOD 

(This  method  was  prepared  by  the  Tech¬ 
nical  Services  Division,  OPP,  EPA.  The  format 
follows  the  style  requirements  of  the  Ameri¬ 
can  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  intended  for  use  to  kill  mice 
must  be  tested  to  demonstrate  rodenticidal 
effectiveness.  This  test  method  is  applicable 
in  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insecti¬ 
cide,  Fungicide,  and  Rodentlclde  Act,  as 
amended.  It  is  designed  to  determine  effec¬ 
tiveness  of  liquid  anticoagulant  rodentlcldes 
applied  according  to  instructions  on  the 
labeling. 

2.  Test  Animals. 

2.1  All  mice  used  in  this  test  shall  be 
house  mice  (Afus  musculua),  wild  caught  or 


from  a  wild  mouse  colony;  or  albino  mice 
(Swiss- Webster  preferred) .  Ect(^arasite  con¬ 
trol  with  5%  Sevln  (1-napthyl-N-methylcar- 
bamate)  dust  Is  permissible  if  {q>plled  to  both 
test  animals  and  control  animals  not  less 
than  7  days  prior  to  testing.  The  test 
rodents  should  fall  within  the  following  sex¬ 
ually  mature  weight  class  (in  grams). 


Maximum 

acceptable 

Mini- 

Maxi- 

difference  in 

miuu 

mum 

average  weights 

between  sexes 

(grams) 

Albino  mice . 

15 

30 

5 

Wild  trapped  and 
colony  noose  mice.. 

10 

20 

3 

3.  Pre-test  Heading  Conditions. 

3.1  All  mice  used  in  this  test  method 
must  be  held  for  observation  in  the  labora¬ 
tory  for  one  week  prior  to  testing.  A  com¬ 
mercial  mouse  diet  and  water  must  be  avail¬ 
able  to  them  at  all  times.  The  standard  TSD 
challenge  diet  must  not  be  used  for  pre-test 
feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  20  to  25  C;  Relative 

humidity,  60  ±  10%;  Light,  Twelve  h 

artificial  light  per  day,  not  to  exceed  2153  lx 
at  cage  location. 

4.2  The  standard  TSD  challenge  diet  shall 
be  composed  of:  Cornmeal  (whole  yellow 
ground  corn),  65%  by  weight;  Rolled  oats 
(steamed)  25%  by  weight;  Powdered  sugar 
(10  X  powdered  confectioners)  5%  by  weight; 
Corn  oil  6%  by  weight.  Combine  dry  in¬ 
gredients,  add  oil,  and  mix  thoroughly.  As¬ 
sure  that  the  mixing  utensils  are  clean  of 
contamination  before  preparing  diet  mix. 

5.  Procedure. 

5.1  A  test  group  consists  of  ten  male  and 
ten  female  mice,  group-caged.  Include  one 
untreated  test  group  In  each  test  as  a  con¬ 
trol.  If  a  series  of  tests  are  being  conducted 
at  the  same  time  on  the  same  ^>ecle8.  only 
one  imtreated  control  group  need  b«  in¬ 
cluded. 

5.2  Provide  each  cage  with  a  feeder  filled 
dally  with  the  standard  TSD  challenge  diet 
(4.2). 

6.3  Provide  each  treated  cage  with  two 
graduated  no-drlp  waterers,  one  filled  with 
tap  water  and  the  other  with  the  test  liquid 
bait  formulation  diluted  with  tap  water  ac¬ 
cording  to  use  directions.  R^lenish  liquids 
as  necessary  so  that  both  are  always  equally 
available  to  test  animals.  Reverse  position 
of  waterers  daily.  The  control  group  shall  be 
provided  with  graduated  no-drip  waterers 
filled  only  with  tap  water.  Each  day  record 
the  quantity  of  each  liquid  consumed  dur¬ 
ing  the  preceding  24  h. 

5.4  Provide  shelter  in  each  cage.  Use 
empty  soup  or  beverage  cans  with  one  end 
removed  and  slightly  flattened  to  reduce 
rolling.  Use  one  can  per  five  mice. 

6.  Test  Period. 

6.1  Maintain  test  period  for  15  days,  un¬ 
less  a  100%  mcB'tality  of  test  mice  is  recorded 
prior  to  that  time.  Remove  dead  mice  dally 
or  as  observed. 

6.2  Remove  toxicant  waterer  at  the  end 
of  the  15-day  test  period  and  leave  tap-water 
waterer. 

7.  Test  Period  Follow-up. 

7.1  Maintain  observation  on  surviving 
mice  for  five  days  following  test  period,  re¬ 
porting  unnatural  or  unusual  activities  in 
testr^;>ort. 

8.  Calculatloa  and  Evaluation  ot  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
each  mouse  killed  each  day  during  the  teat 
period  and  the  five-day  post-test  i^od  and 


the  amount  of  liquids  consumed.  Use  grouped 
data  averages  for  evaluation.  The  test  prod¬ 
uct  is  considered  satisfactory  if  a  minimum 
mortality  of  90%  Is  obtained. 

Exhibit  3 

PROPOSED  ANTICOAGULANT  RAT  DRY  BAIT  TEST 
METHOD 

(This  method  was  prepared  by  the  Techni¬ 
cal  Services  Division,  OPP,  EPA.  The  format 
follows  the  style  requirements  of  the  Ameri¬ 
can  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  intended  for  use  to  kill  rats 
must  be  tested  to  demonstrate  rodenticidal 
effectiveness.  This  test  method  is  applicable 
in  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insecti¬ 
cide,  Fungicide,  and  Rodentlclde  Act,  as 
amended.  It  Is  designed  to  determine  effec¬ 
tiveness  of  dry  bait  anticoagulant  rodentl¬ 
cldes  applied  according  to  instructions  on 
the  labeling. 

2.  Test  Animals. 

2.1  All  rats  used  In  this  test  shall  be  Nor¬ 
way  rats  {Rattus  norvegicus) ,  wild  caught  or 
from  a  wild  rat  colony;  or  albino  rats  (Wlstar 
Strain  preferred).  Ectoparasite  control  with 
6%  Sevln  (l-naphthyl-N-methylcarbamate) 
dust  Is  permissible  if  applied  to  both  test 
and  control  animals  not  less  than  7  days 
prior  to  start  of  test.  The  test  rodents  should 
fall  within  the  following  sexually  mature 
weight  classes  (in  grams). 


Maximum 
Mini-  Maxi-  acceptable 
mum  mum  difference  in 
average  weight 
between  sexes 


Lal>oratory  rat _  150  300  50 

Norway  rat .  176  400  65 


3.  Pre-test  Holding  Conditions. 

3.1  All  rats  used  In  this  test  method  must 
be  held  for  observai  i'  ii  in  the  laboratory  for 
one  week  prior  to  testing.  A  commercial  rat 
diet  and  water  must  be  available  to  them  at 
all  times.  ITie  standard  TSD  challenge  diet 
must  not  be  used  for  pre-test  feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  25  to  25  C:  Relative  hu¬ 
midity,  50±10%;  Light,  twelve  h  artificial 
light  per  day,  not  to  exceed  2163  lx  at  cage 
location. 

4.2  The  standard  TSD  challenge  diet  shall 
be  composed  of:  Cornmeal  (whole  yellow 
ground  corn),  66%  by  weight;  Rolled  oats 
(steamed),  26%  by  weight;  Powdered  sugar 
(10  X  powdered  confectioners) ,  5%  by  weight; 
Corn  oil,  6%  by  weight.  Combine  dry  ingre¬ 
dients,  add  oil,  and  mix  thoroughly.  Assure 
that  the  mixing  utensils  are  clean  of  con¬ 
tamination  before  preparing  diet  mix. 

4.3  When  technical  or  concentrated  toxi¬ 
cants  are  to  be  mixed,  the  baits  should  be 
formulated  by  adding  the  toxicant  to  the 
standard  TSD  challenge  diet  (4.2)  when  it  is 
an  acceptable  carrier  as  prescribed  on  the 
label;  otherwise  follow  label  directions. 

4.4  Technical  grade  toxicant  normally 
used  at  0.005%  concentration  should  be  pre- 
mixed  at  the  rate  of  0.1  g  of  technical  to  99.9 
g  of  cOTnstarch  using  the  dry  dilution 
method.  Technical  grade  matMdal  normally 
used  at  0.025%  can  be  mixed  at  the  rate  of 
0.5  g  of  technical  to  99.6  g  of  cornstarch,  also 
using  the  dry  dilution  method.  These  newly 
formed  concentrates  can  then  be  further 
mixed  by  combining  them  with  the  standard 
TSD  challenge  diet  at  the  rate  recommended 
on  the  label  (usually  1:19).  The  weight  of 
rolled  oats  used  in  the  final  mix  is  reduced 
by  the  weight  of  toxicant  and  cornstarch 
added  in  the  final  mix. 
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6.  Procedtire. 

5.1  T»Q  male  and  ten  female  rats  are  In¬ 
dividually  caged. 

5.2  Water  should  be  available  ad  Ubitum. 

5.3  llie  rodenticlde-treated  food  and  the 
standard  TSD  challenge  diet  are  each  offered 
In  separate  cups  In  excess  of  the  dally  food 
requirements.  The  gross  weight  of  each  cup 
and  its  contained  food  are  determined  daily 
and  returned  to  the  starting  weight  by  addi¬ 
tion  or  complete  replacement  of  the  given 
food.  Each  day  record  the  quantity  of  each 
food  consumed  during  the  preceding  24  h. 

5.4  The  position  of  the  halt  and  the  stand¬ 
ard  TSD  challenge  diet  cups  In  the  cages  are 
reversed  every  24  h  to  counter  any  feeding 
position  preference  of  the  rats.  The  test  rats 
have  a  free,  choice  between  treated  and  un¬ 
treated  food. 

6.  Test  Period. 

6.1  Maintain  test  period  for  15  days,  unless 
a  100%  mOTtallty  of  test  rats  is  recorded  prior 
to  that  time.  Remove  dead  rats  dally  or  as 
observed. 

6.2  Remove  toxicant  at  the  end  of  the  15- 
day  test  period  and  leave  the  untreated  food. 

7.  Test  Period  Pollow-up. 

7.1  Maintain  observation  on  surviving  rats 
for  five  days  following  test  period,  reporting 
unnatural  or  unusual  activities  In  test 
repOTt. 

8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
each  rat  hilled  each  day  during  the  test 
period  and  the  five-day  post-test  period  and 
amount  of  treated  and  imtreated  food  con¬ 
sumed.  Use  grouped  data  averages  for  evalu¬ 
ation.  The  test  product  is  considered  satisfac¬ 
tory  if  a  minimum  of  33%  of  the  food  con¬ 
sumed  barf  been  treated  with  the  toxicant 
and  If  a  minimum  mortality  of  90%  is 
obtained. 

Exhibit  4 

PBOPOSED  ANTICOAGULXNT  MOUSE  DBT 
BAIT  TEST  METHOD 

(This  method  was  prepared  by  the  Tech¬ 
nical  Services  Division,  OPP,  EPA.  The  for¬ 
mat  follows  the  style  requirements  of  the 
American  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  intended  for  use  to  kill  mice 
must  be  tested  to  demonstrate  rodentlcidal 
effectiveness.  This  test  method  is  applicable 
in  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  In¬ 
secticide,  Fungicide  and  Rodenticlde  Act,  as 
amended.  It  is  designed  to  determine  effec¬ 
tiveness  of  dry  bait  anticoagulant  rodenti- 
cldes  applied  according  to  instructions  on 
tfae  labeling. 

2.  Test  Animals. 

2.1  All  mice  used  in  this  test  shall  be 
house  mice  (Mus  musculus) ,  wild  caught  or 
from  a  wild  mouse  colony:  or  albino  mice 
(Swlss-Webster  preferred) .  Ectoparasite  con¬ 
trol  with  5%  Sevln  (1-napthyl-N-methylcar- 
bamate)  dust  is  permissible  if  iqiplled  to 
both  test  animals  and  control  animals  not 
less  than  7  days  prior  to  testing.  The  test 
rodents  Should  fall  within  the  following 
sexually  mature  weight  class  (in  grams). 


Maximum 

Mini- 

Maxi- 

acceptable 

mum 

mum 

difference  in 
average  weights 

between  sexes 

Albino  mice _ 

15 

30 

5 

Wild  trapped  and 
ooloBy  ROOM  mioe.. 

10 

20 

S 

3.  Pre-test  Holding  Conditions. 

3.1  All  mice  used  in  this  test  method 
must  be  held  for  observation  in  the  labora¬ 
tory  for  a  period  of  one  week  prior  to  test¬ 
ing.  A  commercial  mouse  diet  and  water 
miist  be  available  to  them  at  all  times.  The 
standard  TSD  challenge  diet  must  not  be 
used  for  pre-test  feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  20  to  25  C;  Relative 
humidity,  50  ±  10%;  Light,  Twelve  h  artifi¬ 
cial  light  per  day,  not  to  exceed  2153  lx  at 
cage  location. 

4.2  The  standard  TSD  challenge  diet  shall 
be  composed  of:  Cornmeal  (whole  yellow 
ground  corn),  65%  by  weight;  rolled  oats 
(steamed),  25%  by  weight;  powdered  sugar 
(10  X  powdered  confectioners),  5%  by 
weight;  corn  oil,  5%  by  weight;  combine  dry 
ingredients,  add  oil,  and  mix  thoroughly.  As¬ 
sure  that  the  mixing  utensils  are  clean  of 
contamination  before  preparing  diet  mix. 

4.3  When  technical  or  concentrated  tox¬ 
icants  are  to  be  mixed,  the  baits  should  be 
formulated  by  adding  the  toxicant  to  the 
standard  TSD  challenge  diet  (4.2)  when  it 
is  an  acceptable  carrier  as  prescribed  on  the 
label;  otherwise  follow  label  directions. 

4.4  Technical  grade  toxicant  normally 
used  at  0.005%  concentration  should  be 
premixed  at  the  rate  of  0.1  g  of  technical  to 
99.9  g  of  cornstarch  using  the  dry  dilution 
method.  Technical  grade  material  normally 
used  at  0.025%  can  be  mixed  at  the  rate 
of  0.5  g  of  technical  to  99.5  g  of  cornstarch 
also  using  the  dry  dilution  method.  These 
newly  formed  concentrates  can  then  be  fur¬ 
ther  mixed  by  combining  them  with  the 
standard  TSD  challei.ge  diet  at  the  rate  rec¬ 
ommended  on  the  label  (usually  1:19).  The 
weight  of  rolled  oats  used  in  the  final  mix  is 
reduced  by  the  weight  of  toxicant  and  corn¬ 
starch  added  in  the  final  mix. 

5.  Procedure. 

5.1  A  test  group  consists  of  ten  male  and 
ten  female  mice,  group-caged.  Include  one 
untreated  test  group  in  each  test  as  a  con¬ 
trol.  If  a  series  of  tests  are  being  conducted 
at  the  same  time  on  the  same  species,  only 
one  untreated  control  group  needs  to  be 
included. 

5.2  Water  should  be  available  ad  libitum. 

5fi  The  rodenticlde-treated  food  and  the 

standard  EPA  rodent  laboratory  diet  mix  are 
each  offered  in  separate  cups  in  excess  of  the 
dally  food  requirements.  The  gross  weight 
of  each  cup  and  its  contained  food  are  de¬ 
termined  dally  and  returned  to  the  starting 
weight  by  addition  or  complete  replacement 
of  the  given  food.  Each  day  record  the  quan¬ 
tity  of  each  food  consumed  during  the  pre¬ 
ceding  24  h. 

5.4  The  position  of  the  bait  and  standard 
TSD  challenge  diet  cups  in  the  cages  are  re¬ 
versed  every  24  h  to  counter  any  feeding  posi¬ 
tion  preference  of  the  mice.  The  test  mice 
must  have  a  free  choice  between  treated  and 
untreated  food. 

5.5  Provide  shelter  in  each  cage.  Use 
empty  soup  or  beverage  cans  with  one  end 
removed  and  slightly  fiattened  to  reduce 
rolling.  Use  one  can  per  five  mice. 

6.  Test  Period. 

6.1  Maintain  test  period  for  IS  days, 
unless  a  100%  mortality  of  test  mice  is  re¬ 
corded  prior  to  tiiat  time.  Remove  dead 
mice  dally  or  as  observed. 

6.2  Remove  toxicant  at  the  end  of  the 
15 -day  test  period  and  leave  the  untreated 
food. 

7.  Test  Period  Pollow-up. 

7.1  Maintain  observation  on  surviving 
mice  for  five  days  following  test  period,  re¬ 
porting  unnatural  or  unusual  activities  In 
test  report. 


8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
each  mouse  killed  each  day  during  the  test 
period  and  the  five-day  post-test  period  and 
the  amount  of  treated  and  untreated  food 
consumed.  Use  grouped  data  averages  for 
evaluation.  The  test  product  is  considered 
satisfactory  if  a  minimum  of  33%  of  the  food 
consumed  had  been  treated  with  the  toxi¬ 
cant  and  if  a  minimum  mortality  of  90% 
is  obtained. 

Exhibit  5 

PROPOSED  ACUTE  RAT  LIQUTO  BAIT  TEST  METHOD 

(This  method  was  prepared  by  the  Techni¬ 
cal  Services  Division,  OPP.  EPA.  The  format 
follows  the  style  requirements  of  the  Ameri¬ 
can  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  intended  for  use  to  kill  rats 
must  be  tested  to  demonstrate  rodentlcidal 
effectiveness.  This  test  method  is  applicable 
in  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insecti¬ 
cide,  Fungicide,  and  Rodenticlde  Act,  as 
amended.  It  is  designed  to  determine  effec¬ 
tiveness  of  acute  liquid  rodenticldes  applied 
according  to  instructions  on  the  labeling. 

2.  Test  Animals. 

2.1  All  rats  used  in  this  test  shall  be 
Norway  rats  {Rattus  norvegicus) ,  wild  caught 
or  from  a  wild  rat  colony;  or  albino  rats 
( Wlstar  Strain  preferred) .  Ecotoparaslte  con¬ 
trol  with  5%  Sevin  (1-napthyl-N-methylcar- 
bamate)  dust  is  permissible  if  applied  to  both 
test  and  control  animals  not  less  than  7  days 
prior  to  start  of  test.  The  test  rodents  should 
fall  within  the  following  sexually  mature 
weight  classes  (in  grams). 


''  Maximum 

Mini- 

Maxi- 

acceptable 

mum 

mum 

difference  in 
average  weights 
between  sexes 

Laboratory  rat.... 

150 

300 

50 

Norway  rat . 

175 

400 

65 

3.  Pre-test  Holding  Conditions. 

3.1  All  rats  used  in  this  test  method  must 
be  held  for  observation  in  the  laboratory  for 
one  week  prior  to  testing.  A  commercial  rat 
diet  and  water  must  be  available  to  them  at 
all  times.  The  standard  TSD  challenge  diet 
must  not  be  used  for  pre-test  feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  20  to  25  C;  Relative  hu¬ 
midity,  50  ±10%;  Light,  Twelve  h  artificial 
light  per  day,  not  to  exceed  2153  lx  at  cage  lo¬ 
cation. 

4.2  The  standard  TSD  challenge  diet  mix 
shall  be  composed  of:  Cornmeal  (whole  yellow 
ground  corn),  65%  by  weight;  Rolled  oats 
(steamed),  25%  by  weight;  Powdered  sugar 
( 10  X  powdered  confectioners) ,  5%  by  weight; 
Com  oil,  5%  by  weight.  Combine  dry  ingredi¬ 
ents  together,  add  oil,  and  mix  thoroughly. 
Assure  that  the  mixing  utensils  are  clean 
of  contamination  before  preparing  diet  mix. 

5.  Procedure. 

5.1  A  test  group  consists  of  ten  male  and 
ten  female  rats,  group-caged.  Include  one 
untreated  test  group  in  each  test  as  a  con¬ 
trol.  If  a  series  of  tests  are  being  conducted 
at  the  same  time  on  the  same  species,  only 
one  untreated  control  group  need  be 
included. 

6.2  Provide  each  cage  with  a  feeder  filled 
daily  with  the  standard  TEID  challenge  diet 
(4^). 
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5.3  Provide  each  treated  cage  with  equal 
numbers  of  gradxiated  no-drlp  wateren.  Fill 
half  the  waterers  with  tap  water  and  the 
other  half  with  the  test  liquid  halt  formu* 
latlon  diluted  with  tap  water  according  to 
use  directions.  A  minimum  of  30  ml  of  each 
liquid,  water  and  liquid  bait,  per  animal  per 
day  should  be  available.  Waterers  should  be 
supplied  In  sufficient  quantity  to  exceed  this 
demand.  Replenish  liquids  as  necessary  so 
that  both  are  always  equally  available  to  test 
animals.  Reverse  position  of  the  waterers 
dally.  The  control  group  shall  be  provided 
with  graduated  no-drlp  waterers  filled  only 
with  tap  water.  Each  day  record  the  quan¬ 
tity  of  each  liquid  consumed  during  the  pre¬ 
ceding  34  h. 

6.  Test  Period. 

6.1  Maintain  test  period  for  three  days, 
unless  a  100%  mortality  of  test  rats  Is  re¬ 
corded  prior  to  that  time.  Remove  dead  rats 
dally  or  as  observed. 

6.3  Remove  toxicant  waterer  at  the  end 
of  the  three-day  test  period  and  leave  tiq>- 
water  waterer. 

7.  Test  Period  Follow-up. 

7.1  Maintain  observation  on  surviving 
rats  for  five  days  following  test  period,  re¬ 
porting  xmnatural  or  unusual  activities  In 
test  report. 

8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
e(u:h  rat  killed  each  day  diutng  the  test  pe¬ 
riod  and  the  five-day  post-test  period  and 
the  amount  of  liquids  consumed.  Use  grouped 
data  averages  for  evaluation.  The  test  prod¬ 
uct  is  considered  satisfactory  If  a  minimum 
mortality  of  90%  Is  obtained. 

Exhibit  6 

PBOPOSED  ACUTE  MOUSE  LIQUID  BAIT  TEST 
METHOD 

(This  method  was  prepared  by  the  Tech¬ 
nical  Services  Division,  OPP,  EPA.  The  for¬ 
mat  follows  the  style  requirements  of  the 
American  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  Intended  for  use  to  kill  mice 
must  be  tested  to  demonstrate  rodentlcidal 
effectiveness.  This  test  method  Is  applicable 
In  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insec¬ 
ticide,  Fungicide,  and  Rodentlclde  Act,  as 
amended.  It  Is  designed  to  determine  ef¬ 
fectiveness  of  acute  liquid  rodentlcldes  ap¬ 
plied  according  to  Instructions  on  the 
labeling. 

3.  Test  Animals. 

3.1  All  mice  used  In  this  test  shall  be 
house  mice  (Mua  muaculus),  wild  caught  or 
from  a  wild  mouse  colony;  or  albino  mice 
(Swiss- Webster  preferred) .  Ectoparasite  con¬ 
trol  with  6%  Sevln  (l-niq)hthyl-N-methyl- 
carbamate)  dust  is  permissible  If  iq)plled  to 
both  test  animals  and  control  animals  not 
less  than  7  days  prior  to  testing.  The  test 
rodents  shoud  fall  within  the  following  sex¬ 
ually  mature  weight  class  (In  grams). 


Mini¬ 

mum 

Maxi¬ 

mum 

Maximum 
acceptable 
difference  In 
average  weights 
between  sexes 

Albino  mice . 

16 

80 

5 

Wild  trapped  and 

colony  boose  mice. 

10 

20 

8 

8.  Pre-test  Holding  Condltlcms. 


3.1  All  mice  used  In  this  test  method 
must  be  held  for  observation  In  the  labora¬ 
tory  for  one  week  prkur  to  testing.  A  commer¬ 
cial  mouse  diet  and  water  must  be  available 
to  them  at  all  times.  The  standard  TSD  chal¬ 


lenge  diet  mix  must  not  be  used  for  pre-test 
feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  30  to  36  C;  Relative 
humidity,  60±10%;  Light,  Twelve  h  artificial 
light  per  day,  not  to  exceed  3153  lx  at  cage 
location. 

4.3  The  standard  TSD  challenge  diet  shall 
be  composed  of:  Cornmeal  (whole  yellow 
ground  com),  65%  by  weight;  Rolled  oats 
(steamed),  25%  by  weight;  Powdered  sugar 
(10  X  powdered  confectioners),  6%  by 
weight;  Corn  oil,  5%  by  weight.  Combine 
dry  ingredients,  add  oil,  and  mix  thoroughly. 
Assure  that  the  mixing  utensils  are  clean  of 
contamination  bef(He  preparing  diet  mix. 

6.  Procedure. 

6.1  A  test  group  consists  of  ten  male  and 
ten  female  mice,  group -caged.  Include  one 
untreated  test  group  In  each  test  as  a  con¬ 
trol.  If  a  series  of  tests  are  being  conducted 
at  the  same  time  on  the  same  species,  only 
one  untreated  control  group  need  be  In¬ 
cluded. 

5.2  Provide  each  cage  with  a  feeder  filled 
daily  with  the  standard  TSD  challenge  diet 
(4.2). 

5.3  Provide  each  treated  cage  with  two 
graduated  no-drlp  waterers,  one  filled  with 
tap  water  and  the  other  with  the  test  liquid 
bait  formulation  diluted  with  tap  water  ac¬ 
cording  to  use  directions.  Replenish  liquids 
as  necessary  so  that  both  are  always  equally 
available  to  test  animals.  Reverse  position  of 
waterers  daily.  The  control  group  shall  be 
provided  with  graduated  no-drlp  waterers 
filled  only  with  tap  water.  Each  day  record 
the  quantity  of  each  liquid  consumed  during 
the  preceding  24  h. 

6.4.  Provide  shelter  in  each  cage.  Use 
empty  soup  or  beverage  cans  with  one  end 
removed  and  slightly  flattened  to  reduce 
rolling.  Use  one  can  per  five  mice. 

6.  Test  Period. 

6.1  Maintain  test  period  for  three  dairs. 
unless  a  100%  mortality  of  test  mice  is  re¬ 
corded  prior  to  that  time.  Remove  dead  mice 
dally  or  as  observed. 

6.2  Remove  toxicant  waterer  at  the  end  of 
the  three-day  test  period  and  leave  tap-water 
waterer  and  feed. 

7.  Test  Period  Follow-up. 

7.1.  Maintain  observation  on  surviving 
mice  for  five  days  following  test  period,  re¬ 
porting  unnatural  or  unusual  activities  in 
test  report.  When  testing  arsenicals,  a  ten- 
day  post-test  period  Is  recommended. 

8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
each  mouse  killed  each  day  during  the  test 
period  and  the  five-day  post-test  period  and 
the  amount  of  liquids  consumed.  Use 
grouped  data  averages  for  evaluation.  The 
test  product  Is  considered  satisfactory  If  a 
minimum  mortality  of  90%  is  obtained. 

Exhibit  7 

•  PBOPOSED  acute  BAT  DBT  TEST  METHOD 

(This  method  was  prepared  by  the  Tech¬ 
nical  Services  Division,  OPP,  EPA.  The  for¬ 
mat  follows  the  style  requirements  of  the 
American  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  Intended  for  use  to  kill  rats 
must  be  tested  to  demonstrate  rodentlcidal 
effectiveness.  This  test  method  Is  applicable 
In  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insecti¬ 
cide,  Fungicide,  and  Rodentlclde  Act,  as 
amended.  It  Is  designed  to  determine  effec¬ 
tiveness  of  acute  dry  bait  rodentlcldes  ap¬ 
plied  according  to  Instructions  on  the 
labeling. 


2.  Test  Animals. 

2.1  All  rats  used  in  this  test  shall  be  Nor¬ 
way  rats  (Rattua  norvegicua) ,  wild  caught 
or  from  a  wild  rat  colony;  or  albino  rats 
(Wistar  Strain  preferred).  Ectoparasite  con¬ 
trol  with  6%  Sevln  (1-napthyl-N-methyl- 
carbamate)  dust  Is  permissible  If  applied  to 
both  test  and  control  animals  not  less  than 
7  days  prior  to  start  of  test.  The  test  rodents 
should  fall  within  the  following  sexually 
mature  weight  classes  (In  grams) . 


Maximum 

Mini- 

Maxi- 

acceptable 

mum 

mum 

difference  in 
average  weights 
between  sexes 

Laboratory  rat _ 

150 

800 

so 

Norway  rat . 

175 

400 

05 

3.  Pre-test  Holding  Conditions. 

3.1  All  rats  used  In  this  test  method  must 
be  held  for  observation  in  the  laboratory  for 
one  week  prior  to  testing.  A  commercial  rat 
diet  and  water  must  be  available  to  them  at 
all  times.  The  TSD  rodent  challenge  diet 
must  not  be  used  for  pre-test  feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  20  to  25  C;  Relative 
humidity,  50±10%;  Light,  Twelve  h  artificial 
light  per  day,  not  to  exceed  2153  lx  at  cage 
location. 

4ul  The  standard  TSD  challenge  diet  shall 
be  composed  of:  Cornmeal  (whole  yellow 
ground  corn)  65%  by  weight;  Rolled  oats 
(steamed),  25%  by  weight;  Powdered  sugar 
(10  X  powdered  confectioners)  5%  by  weight; 
Com  oil,  5%  by  weight.  Combine  dry  Ingre¬ 
dients.  add  oil,  and  mix  thoroughly.  Assure 
that  the  mixing  utensils  are  clean  of  con¬ 
tamination  before  preparing  diet  mix. 

4.3  When  technical  or  concentrated  toxi¬ 
cants  are  to  be  mixed,  the  baits  should  be 
formulated  by  adding  the  toxicant  to  the 
standard  TSD  challenge  diet  (4.2)  when  It 
Is  an  acceptable  carrier  as  prescribed  on  the 
label;  otherwise  follow  label  directions. 

5.  Procedure. 

5.1  Ten  male  and  ten  female  rats  are  In¬ 
dividually  caged. 

5.2  Water  should  be  avallaUe  ad  libitum. 

5.3  The  rodentlclde-treated  food  and  the 
standard  TSD  challenge  diet  are  each  of¬ 
fered  In  separate  cups  In  excess  of  the  daily 
food  requirements.  The  gross  weight  of  each 
cup  and  its  contained  food  are  determined 
dally  and  returned  to  the  starting  weight  by 
addition  or  complete  replacement  of  the  given 
food.  Each  day  record  the  quantity  of  each 
food  consumed  during  the  preceding  24  h. 

5.4  The  position  of  the  bait  and  standard 
TSD  challenge  diet  cups  In  the  cages  are  re¬ 
versed  every  24  h  to  counter  any  feeding 
position  preference  of  the  rats.  The  test  rate 
have  a  free  choice  between  treated  and  un¬ 
treated  food. 

6.  Test  Period. 

6.1  Maintain  test  period  for  three  days, 
unless  a  100%  mortality  of  test  rate  Is  re- 
ccHded  prior  to  that  time.  Remove  dead  rats 
dally  or  as  observed. 

6.2  Remove  toxicant  at  the  end  of  the 
three  day  test  period  and  leave  the  untreated 
food. 

7.  Test  Period  Follow-up. 

7.1  Maintain  observation  on  surviving  rats 
for  five  days  following  test  period,  reporting 
unnatural  or  unusual  activities  In  test  re¬ 
port. 

8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex  of 
each  rat  killed  each  day  during  the  teat 
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period  and  the  0ve-day  post-test  period  and 
Um  amount  of  treated  and  untreated  food 
consumed.  Use  (rouped  data  averages  for 
evaluation.  Hie  test  produot  Is  considered 
satlsfaetory  if  a  minimum  mortality  of  00% 
Is  obtained. 

EZHTBIT  8 

PROPOSED  ACUTE  MOUSE  DRT  BAIT  TEST  METHOD 

(This  metliod  was  prepared  by  the  Tech¬ 
nical  Services  Division,  OPP.  EPA.  The  for¬ 
mat  follows  the  style  requirements  of  the 
American  Society  for  Testing  and  Materials.) 

1.  Scope. 

1.1  Products  intended  tor  use  to  kill  mice 
must  be  tested  to  demonstrate  rodenticldal 
effectiveness.  This  test  method  Is  applicable 
In  connection  with  registration  and  enforce¬ 
ment  procedures  under  the  Federal  Insecti¬ 
cide,  Fungicide  and  Rodentlcide  Act,  as 
amended.  It  Is  designed  to  determine  effec¬ 
tiveness  of  acute  dry  bait  rodentlcides  ap¬ 
plied  according  to  Instructions  on  the  label¬ 
ing. 

2.  Test  Animals. 

2.1  All  mice  used  in  this  test  shall  be 
house  mice  (JIfus  musculus),  wild  caught  or 
from  a  wild  mouse  colony;  or  albino  mice 
(Swiss- Webster  ineferred).  Ectoparasite  con¬ 
trol  with  5%  Sevln  (1-naphthyl-N-methyl- 
carbamate)  dust  is  permissible  If  applied  to 
both  test  animals  and  control  animals  not 
less  than  7  days  prior  to  testing.  The  test 
rodents  should  f^Ji  within  the  following  ses- 
ually  mature  weight  class  (in  grams). 


Mini¬ 

mum 

Maxi¬ 

mum 

MaximuTn 
acceptable 
difference  in 
average  weights 
between  sexes 

Albino  mior . . 

15 

30 

5 

Wild  trapped  and 

eelony  bouse  mice. 

10 

20 

3 

3.  Pre-test  Holding  Conditions. 

3.1  All  mice  used  In  this  test  method  must 
be  held  for  observation  In  the  laboratory  for 
one  week  prior  to  testing.  A  commercial 
mouse  diet  and  water  must  be  available  to 
them  at  all  times.  The  standard  TSD  chal¬ 
lenge  diet  must  not  be  used  for  pre-test 
feeding. 

4.  Holding  and  Test  Conditions. 

4.1  Temperature,  20  to  25  C;  Belative  hu¬ 
midity,  50 ±10%;  Light,  Twelve  h  artificial 
light  per  day,  not  to  exceed  2153  Iz  at  cage 
location. 

4.2  Hie  standard  TSD  chsOlenge  diet  shall 
be  composed  of:  Commeal  (whole  yellow 
ground  com),  65%  by  weight;  Boiled  oats 
(steamed),  25%  by  weight;  Powdered  sugar 
(10  z  powdered  confectioners) ,  5%  by  weight; 
Com  oil,  5%  by  weight.  Combined  dry  Ingre¬ 
dients,  add  oil,  and  mix  thoroughly.  Assure 
that  the  mixing  utensils  are  clean  of  con¬ 
tamination  before  preparing  diet  mix. 

4.3  When  technical  or  concentrated  toxi¬ 
cants  are  to  be  mixed,  the  baits  should  be 
formulated  by  adding  the  toxicant  to  the 
standard  TSD  challenge  diet  (4ii)  vdien  It  is 
an  acceptable  carrier  as  prescribed  on  the 
label;  otherwise  follow  label  directions. 

5.  Procedure. 

5.1  A  test  group  consists  of  ten  male  and 
ten  female  mice,  group-caged.  Include  one 
untreated  test  group  in  each  test  as  a  controL 
If  a  series  of  tests  are  being  conducted  at  the 
same  time  on  the  same  species,  only  one 
imtreated  ccrntrol  group  need  be  included. 

5.2  Water  should  be  available  ad  libitum. 

6.3  The  rodenticide-treated  food  and  the 
standard  TSD  challenge  diet  are  each  offered 
in  separate  cups  in  excess  of  the  daily  food 
requirements.  The  gross  weight  of  each  cup 


and  Its  contained  food  are  determined  daily 
and  returned  to  the  starting  weight  by  addi¬ 
tion  or  complete  replacement  of  the  given 
food.  Each  day  record  the  quantity  of  each 
food  consumed  during  the  preceding  24  h. 

5.4  The  position  of  the  bait  and  standard 
TSD  challenge  diet  cups  in  the  cages  are  re¬ 
versed  every  24  h  to  coimter  any  feeding  posi¬ 
tion  preference  of  the  mice.  The  test  mice 
have  a  free  choice  between  treated  and  im¬ 
treated  food. 

5.5  Provide  shelter  in  each  cage.  Use 
empty  soup  or  beverage  cans  with  one  end 
removed  and  slightly  flattened  to  reduce  roll¬ 
ing.  Use  one  can  per  five  mice. 

6.  Test  Period. 

6.1  Maintain  test  period  for  three  days, 
unless  a  100%  mortality  of  test  mice  is  re¬ 
corded  prior  to  that  time.  Remove  dead  mice 
daily  or  as  observed. 

6.2  Remove  toxicant  at  the  end  of  the 
three-day  test  period  and  leave  the  untreated 
foo^ 

7.  Test  Period  Follow-up. 

7.1  Maintain  '  observation  on  surviving 
mice  for  flve  days  following  test  period,  re¬ 
porting  unnatural  or  unusual  activities  in 
test  report. 

8.  Calculation  and  Evaluation  of  Results. 

8.1  Maintain  record  of  weight  and  sex 
of  each  mouse  killed  each  day  during  the 
test  period  and  the  flve-day  post-test  period 
and  the  amount  of  treated  and  untreated 
food  consumed.  Use  grouped  data  averages 
for  evaluation.  The  test  pr^uct  Is  considered 
satisfactory  If  a  minimum  mortahty  of  90% 
Is  obtained. 

RODENTICIDIS - FUMIGANTS 

The  information  on  the  test  methods  or 
procedures  for  evaluating  fiunigants  (toxic 
gases)  for  rodent  control  Is  sparse. 

Laboratory  Methods.  It  may  be  necessary 
to  draw  on  some  of  the  laboratory  procedures 
used  by  entomologists  or  to  rely  on  the  meth¬ 
ods  used  to  evaluate  euthanasia  materials 
for  laboratory  animals  and  unwanted  cats 
and  dogs.  Glen  and  Scott  (1973)  tor  example, 
describe  a  simple  chamber  for  the  use  of 
cartion  dioxide  as  a  means  of  etihanasia  for 
cats;  Smith  et  al.  (1973)  describe  an  ap¬ 
paratus  for  anesthetizing  small  laboratory 
rodents  which  could  be  readily  adapted  to 
evaluate  rodent  fumigants  under  laboratory 
conditions. 

Field  Methods.  A  fleld  test  used  to  evaluate 
methyl  bromide  as  a  fumigant  for  ground 
squirrels  (Berry.  1938)  provides  a  basis  for 
designing  fleld  test  methods.  A  rather  com¬ 
prehensive  study  on  the  effects  of  various 
fumgants  on  fleas  was  conducted  by  Steward 
and  Mackle  (1938).  A  woodchuck  control  ex¬ 
periment  was  carried  out  by  de  Vos  and 
Merrill  (1957)  using  gas  cartridges.  Some 
early  experiments  with  calcium  cyanide  on 
ground  squirrels  by  Sanders  (1921)  provide 
some  useful  fleld  evaluation  techniques.  Mil¬ 
ler  ( 1954)  used  the  open  hole  test  to  evaluate 
a  number  of  potential  fumigants  for  pocket 
gophers.  In  the  course  ot  research  on  a  meth¬ 
od  of  fumigation  using  a  rodentlcide  cart¬ 
ridge.  simulated  natural  burrow  systems  were 
constructed  and  tested  by  Fuhr  and  Silver 
(1947). 

A  test  design  Is  needed  which  can  be  used 
to  evaluate  fumigants  In  the  laboratory  and 
which  would  be  a  suitable  technique  to  use 
for  all  rodent  species  that  may  be  controlled 
with  fumigants.  Fleld  evaluations  will  differ 
widely  depending  on  the  species,  habitat  and 
Intended  use  practices. 
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EOOEMTICIDES — TRACKING  POWDERS 

Tracking  powders  came  Into  use  almost  by 
accidents  when  deaths  among  house  mice 
were  observed  In  places  where  Insecticides, 
such  as  DDT  and  BHC,  were  used.  Until  the 
ban  on  DDT,  it  was  used  quite  extensively 
for  house  mouse  control.  Anticoagulant  ro¬ 
dentlcides  were  found  effective  as  tracking 
powders  for  both  rats  and  mice  and,  until 
recently,  were  used  more  In  Europe  than  In 
the  United  States. 

Little  Is  available  on  methods  for  evaluat¬ 
ing  tracking  powders.  Bentley  (1958)  devotes 
a  section  of  his  bulletin  to  tracking  powders, 
with  reference  to  their  evaluation.  Szuber 
and  Brodniewlcz  (1964)  provide  a  drawing 
of  their  test  cage  and  the  results  achieved 
with  some  anticoagulant  tracking  powders. 
More  recently,  Tanaka  (1973)  published  eval¬ 
uations  of  rodentlcides  as  tracking  powders 
qnd  describes  the  methods  utilized  In  his 
studies.  Marsh  (1972)  discusses.  In  general 
terms,  recent  developments  In  tracking 
powers. 

Laboratory  Methods.  Laboratory  methods 
for  testing  tracking  powders,  using  commen¬ 
sal  rats  and  house  mice,  are  being  developed. 

Field  Methods.  The  literature  Is  generally 
lacking  In  fleld  studies  tar  tracking  powders; 
2  articles  from  England,  however,  (Rowe, 
1957;  Rowe  and  Chudley,  1963)  do  provide 
methods  for  fleld  evaluation. 
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ROmmCIBES — RKFSU.XirTR 

Although  few  repellents  are  presently  used 
In  rodent  control,  much  research  was  under¬ 
taken  In  the  past.  Examples  of  some  of  the 
test  methods  used  In  evaluating  some  rodent 
repellents  are  discussed;  others  are  cited  In 
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the  llterat\ire.  Since  repellents  encon^pass 
such  a  wide  range  of  effects,  a  complete  cov¬ 
erage  is  not  easily  attained  and  has  not  been 
attempted  here. 

R^Mllents  are  generally  classed  by  their 
Intended  use,  the  most  common  being  to  pro¬ 
tect  growing  crops,  forest  trees  or  orna¬ 
mentals.  Other  repellents  have  been  devel¬ 
oped  for  coating  seeds  to  protect  them  from 
rodent  depredation.  Further,  a  great  deal 
of  effort  has  been  expanded  on  repellents  for 
commensal  rats  and  mice  to  minimize  dam¬ 
age  to  food  packages,  textiles  and  other  ma¬ 
terials  In  storage  and  shipment  and  to  build¬ 
ing  materials  and  cables.  There  are  also 
chemicals  which  have  been  explored  as  area 
repellents  to  keep  rodents  from  entering  and/ 
or  occupying  certain  areas. 

ROOENTICmES — REPEIXENTS  FOR  FROTECTINO 
LIVINO  PLANTS 

Although  repellents  have  been  explored 
over  many  years  to  protect  growing  crops, 
forest  trees  and  ornamentals  from  various 
rodents,  such  as  the  squirrel,  porcupine,  rab¬ 
bits  and  hares,  few  test  methods  have  been 
reported  In  the  literature. 

Cardlnell  and  Hayne  (1947)  describe  field 
tests  for  rabbit  repellents  using  treated  twigs 
from  apple  trees.  The  experiments  were 
plaimed  to  take  advantage  of  the  Analysis 
of  Variance  methods  of  statistical  compari¬ 
son.  Later,  Hayne  (1949)  described  both  pen 
and  field  tests  tor  protecting  gardens  from 
cottontail  rabbits.  Hooven  (1966)  provided 
a  technique  for  evaluating  a  repellent  to 
protect  Douglas-fir  trees  frcMn  hares  and  rab¬ 
bits. 

Dodge  et  aL  (1967)  described  an  experi¬ 
ment  for  use  under  semi-field  conditions  to 
test  deer  and  rabbit  repellents  on  trees.  They 
utilized  a  randomized  complete  block  design 
and  analyzed  the  data  by  an  Analysis  of 
Variance. 
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RODENTICmES - REPELLENTS  FOR  PROTECnNG 

SEED 

Laboratory  Methods.  Kverno  and  Hood 
(1963)  published  a  method  of  screening  seed 
protectants.  Their  testing  period,  however, 
was  only  3  days,  which  may  have  excluded 
the  discovery  of  many  aversive  conditioning 
repellents.  Lindsey  et  al.  (1974)  conducted 
laboratory  tests  on  the  repellency  of  Douglas- 
fir  seeds  coated  with  mestranol.  He  expressed 
the  amount  of  treated  seeds  consumed  as  a 
percentage  of  the  untreated  seeds  eaten. 
Passof  et  al.  (1974)  used  the  percentage  of 
treated  seeds  cracked  open  as  an  Index  of 
repellency  for  deer  mice  In  laboratory  tests; 
less  preferred  alternate  food  was  provided  to 
prevent  starvation  should  the  mice  be  highly 
repelled  by  the  treated  seeds.  Radvanjd 
(1970)  expressed  repellency  as  "percent  ef¬ 
fectiveness”  and  calculated  his  efficacy 
using  the  following  formula: 

%  untreated  seeds  destroyed — % 
treated  seeds  destroyed 
%  untreated  seeds  destroyed  " 

Field  Methods.  In  field  studies  of  conifer 
seed  repellents,  the  repellency  Is  often  meas- 


med  Indirectly  by  comparing  the  number  of 
seedlings  produced  in  an  area  seeded  with 
treated  seeds  to  that  of  an  area  seeded  with 
imtreated  seeds  (Passof  et  al..  1974;  Lindsey 
et  al.,  1974) . 

Roy  (1961)  used  a  seed  q>ot  technique  to 
test  a  specific  seed  protectant  under  field 
conditions.  The  difference  In  the  percentage 
of  treated  and  untreated  seed  that  survived 
was  used  to  evaluate  the  results. 
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RODENTICmES — REPELLENTS  FOR  PROTECTING 
PACKAGING  MATERIALS 

Just  preceding  World  War  n  considerable 
effort  was  exerted  to  develop  commensal 
rodent  repellents  or  deterrents  for  the  pro¬ 
tection  of  paper  and  cardboard  packing  ma¬ 
terials.  A  number  of  laboratory  test  methods 
were  developed  for  screening  and  evaluating 
chemicals  for  repellency. 

Bellack  and  DeWltt  (1949)  published  one 
test  method  which  was  used  extensively  In 
early  evaluations.  This  test  used  laboratory 
rats  housed  In  Individual  cages  and  offered  2 
food  cups:  one  with  a  standard  laboratory 
chow;  the  other  with  the  laboratory  chov^ 
with  the  candidate  repellents  Included.  The 
test  period  was  4  days,  and  consumption  from 
each  cup  was  recorded  dally.  Bellack  and 
DeWltt  (1949)  developed  an  arithmetic  ex¬ 
pression  that  yielded  a  numerical  value  for 
repellency  of  treated  food  items  with  their 
test  procedure.  It  took  Into  account  physio¬ 
logical  effects,  random  feeding  and  variations 
of  animal  weights.  Welch  et  al.  (1950)  used 
the  same  technique  and  compounds. 

Feeding  tests  became  a  useful  procedure 
for  rapidly  screening  potential  repellents. 
Barnett  and  Spencer  (1963)  used  a  slight 
variation  of  the  usual  feeding  studies  by 
placing  the  deterrent  below  the  food  item, 
thereby  attempting  to  measure  the  Infiuence 
of  odor  alone  as  a  repellent. 

The  exposure  of  chemically  treated  mate¬ 
rials  (l.e.,  containers,  etc.)  In  large  enclosures 
containing  rat  populations  has  been  used  by 
a  number  of  researchers  (DeWltt  et  al., 
1950;  Welch.  1961;  Welch  and  Duggan,  1952; 
Welch,  1954). 


Stolurow  (1948)  reported  on  a  laboratory 
testing  device  called  the  Pittsburgh  Obstruc¬ 
tion  Unit.  It  was  designed  for  use  both  In 
fundamental  research  concerned  with  the  de¬ 
velopment  of  methods  and  to  study  the  de¬ 
gree  of  rodent  destruction  of  barriers  treated 
with  potential  repellents.  The  basic  princi¬ 
ples  of  this  method  have  been  used  in  simpler 
and  less  expensive  designs  for  testing  repel¬ 
lents  on  barriers  (Bellack  and  DeWltt,  1960). 
In  1948,  Stolurow  prepared  a  laboratory 
method  for  the  evaluation  of  rodent 
deterrents. 

Analysis  of  the  potential  repellency  of 
various  packaging  and  structural  materials  Is 
discussed  by  Weeks  (1959).  Rats  are  offered 
food  on  the  opposite  side  of  a  barrier  and  are 
timed  to  determme  bow  long  it  takes  them 
to  gnaw  through.  The  time  required  for  bar¬ 
riers  treated  with  the  test  repellent  Is  com¬ 
pared  to  that  required  for  untreated  control 
barriers.  Weeks  (1959)  developed  another  re¬ 
pellent  test  which  he  calls  the  graded  strip 
test.  A  strip  of  corrugated  paperbocurd  Is 
placed  over  a  row  of  peanuts  so  that  the  rat 
must  gnaw  through  the  board  to  get  to  the 
peanuts.  The  further  up  the  strip  the  rat 
gnaws,  the  less  the  effectiveness  of  the  repel¬ 
lent.  Statistical  evaluation  was  based  on  the 
method  of  biological  assay  for  graded  re¬ 
sponses  used  by  Bum  et  al.  (1950). 

Tlgner  and  Besser  (1962)  devised  a  new 
quantitative  method  for  evaluating  chemi¬ 
cals  as  rodent  repellents  on  packing  ma¬ 
terials.  Tlgner  (1966)  later  reported  on  a 
series  of  compounds  used  to  treat  multiwall 
tarps  and  bags;  qualitative  method  of  evalu¬ 
ating  the  chemicals  as  potential  rodent  re¬ 
pellents  was  used. 

A  recent  paper  (Bull,  1972)  describes  an  ap¬ 
proach  to  evaluating  attractants  and  the  in¬ 
fiuence  different  odors  have  In  Inducing 
Norway  rats  to  feed  at  given  locations.  In 
this  study  the  effect  of  certain  repellents  was 
also  examined. 
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BODEirncmES — eefeixents  fob  protecting 

WISE  AND  CABLE  COATINGS 

Anthony  and  Tlgner  (1967)  briefly  describe 
both  laboratory  and  field  tests  of  a  repellent 
used  in  various  types  of  communlcatitm  wire 
or  cables.  Fl^d  studies  involved  a  number  of 
geographical  areas,  which  was  essential  be¬ 
cause  of  the  different  rodent  species  invifived. 
Also,  environmental  conditions  associated 
with  severe  cable  damage  vary  from  region 
to  region. 

Howard  (1953)  conducted  laboratory  tests 
of  pocket  gophers  gnawing  electric  cables. 
His  test  method  confined  pocket  gophers  to 
one  part  of  a  cage;  a  short  section  of  cable 
was  positioned  and  fastened  to  block  the 
passageway  to  the  remainder  of  the  cage. 
By  this  means  data  could  be  obtained  for 
treated  and  imtreated  cables  and  for  cables 
with  different  types  of  covering  tx  insula¬ 
tions. 
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RODENTICmES — BEPROOnCTIVE  INHIBITOBS 

A  reproductive  inhibitor  can  be  defined  as 
an  agent  that  can  cause  permanent  or  tem¬ 
porary  stM-lUty  In  either  or  both  sexes,  or, 
throu^  some  other  physiological  aspect,  re¬ 
duce  the  number  of  offspring  or  alter  the 
fecundity  of  the  offspring  produced. 

Hie  numerous  compounds  capable  of  in¬ 
hibiting  reproduction  in  various  rodent  spe¬ 
cies  have  diverse  and  complex  modes  of  ac¬ 
tion  (Jackson,  1959;  Saunders,  1968).  many 
of  which  do  not  lend  themselves  to  standard¬ 
izing  either  laboratory  or  field  evaluation 
methods  and  procedures.  Both  Jackson  and 
Saunders  provide  reviews  of  the  capabilities 
of  various  compoimds. 

Because  of  the  intensive  search  for  oral 
contraceptives  for  humans,  a  large  number  of 
references  are  available.  The  literature  cited 
Is  concerned  with  various  methods  of  meas¬ 
uring  the  physiological  effects  of  different 
compounds  on  inhibiting  reproduction  in  a 
variety  of  rodent  q>ecies,  particularly  those 
commonly  used  in  the  laboratory.  A  few  rep¬ 
resentative  methods  and  techniques  are  cited 
to  Illustrate  what  has  been  used. 

Laboratory  Methods.  Histological  evalua¬ 
tions  of  the  ^ects  of  chamWrAW  on  CAlliilai- 
modifications  or  makeup  of  reproductive  sys¬ 


tems  of  rodmts  is  a  procedure  used  in  some 
laboratories.  However,  histological  evaluation 
is  laborious  and  espenstve  when  conducting 
preliminary  testing  or  screening  new  com¬ 
pounds  (Hershberger  et  al.,  1969).  Studies  of 
the  testes  in  treated  rats  are  examples  of  Uils 
method  in  determining  the  effects  of  certain 
chemosterllants  (Pate  and  Hays.  1966;  Erics¬ 
son,  1970:  Ericsson  and  Baker.  1970;  Gibson 
et  al.,  1967) . 

Many  researchers  have  used  the  number  of 
pregnant  females,  implantations  and/or  the 
number  of  rats  that  ovulated  to  determine 
the  success  of  several  orally  active  estrogens 
and  progestins  (Kind  and  Dorfman,  1965). 
Banik  et  al.  (1969)  made  a  statistical  analysis 
of  the  data  from  the  females  with  ova  or 
Implantations  using  the  fotu’fold  contin¬ 
gency  test  tables  of  Mainland  and  Murray 
(1952).  The  average  number  of  ova  or  im¬ 
plantation  sites  in  each  rat  in  the  experi¬ 
mental  series  was  compared  with  those  of 
the  controls. 

Boris  et  al.  (1971)  demonstrated  a  method 
which  may  have  merit  In  establishing  more 
precise  effects  of  compounds  on  ovulation  by 
using  the  pubertal  ovulation  in  the  rat  for 
the  study  of  anti -ovulatory  compounds. 
Uterotrophic  responses  as  measured  by  the 
mean  uterine  ratio  (milligrams  of  uterus  per 
gram  of  body  weight)  is  a  means  of  express¬ 
ing  the  estrogeniclty  of  certain  potential 
chemosterilants  (Rooks  et  al.,  1968;  Saund¬ 
ers  and  Rorlg,  19^) . 

Efficacy  of  potential  rodent  chemosterllants 
can  be  analyzed  in  laboratories  by  using  some 
of  the  following  indices:  Average  number  of 
days  from  mating  to  the  appearance  of  first 
litters;  average  total  offspring  produced  per 
female;  average  number  of  Utters  produced 
per  female  (Qeneroso  et  al.,  1971;  Howard 
and  Marsh,  1969).  Survival  of  the  offspring 
and  their  reproductive  capabilities  may  also 
be  used  to  determine  efficacy  expressed  in 
the  F,  generation  (Kind  et  al.,  1965;  Clancy 
and  Edgren,  1968).  These  are  not  the  only 
criteria  for  efficacy,  but  are  some  of  those 
commonly  used. 

Where  a  compound  may  affect  spermato¬ 
genesis,  efficacy  of  that  compoimd  may  be 
determined  by  using  a  serial  mating  method. 
This  technique  involves  placing  the  treated 
male  with  1  or  2  females  for  a  prescribed 
number  of  days  and  then  moving  him  on  to 
new  females  for  a  similar  period.  Thus,  by 
pairing  the  males  with  a  series  of  females, 
it  is  possible  to  determine  the  time  period 
in  which  sterlUty  occiured  and  its  duration 
(Hershberger  et  al.,  1969) . 

Field  Tests  (Simulated}.  Tests  of  a  rodent 
chemosterilant  may  be  conducted  in  large 
pens  where  small  populations  can  be  main¬ 
tained  and  the  tests  can  be  replicated  (Ken- 
dle  et  al.,  1973;  Owynn,  1972a).  Studies 
should  be  replicated  a  number  of  times  under 
conditions  where  evaluations  of  effects  can  be 
quite  exacting. 

Field  Methods.  All  the  methods  cited  have 
value,  although  some  may  be  more  appUcable 
than  others,  depending  on  the  characteristics 
of  the  compound  being  tested,  the  target  spe¬ 
cies  and  on  how  the  material  wiU  ultimately 
be  used  in  the  field. 

Marsh  Howard  (1969)  evaluated  me- 
strano  as  a  reproductive  inhibitor  in  Norway 
rats  in  garbage  dumps.  Tiro  dumps  were 
treated  and  a  third  served  as  a  contixfi.  The 
age  structure  ot  the  rat  population  and  pop¬ 
ulation  numbers  were  the  criteria  used  to 
determine  efficacy.  Bowerman  and  Brooks 
(1971)  carried  out  pen  and  field  efficacy 
studies  on  Norway  rats  using  qulnestrol. 
Owynn  (1072a,  1972b)  published  pen  and 
field  results  using  still  a  different  rodent 
chemosterilant. 

These  represent  a  portion  the  field 
studies  which  have  bMn  conducted.  Field 
evaluations  differ  slightly  from  one  another 
to  meet  the  existing  situations  and  the  in¬ 
tended  uses  of  the  test  compounds. 


Significant  reproduction  inhibition  as¬ 
sumes  that  comparable  untreated  popula¬ 
tions  are  used  as  controls  to  permit  a  sound 
statistical  analysis.  The  Chi  square  analysis 
of  the  two-way  Analysis  of  Variance  might  be 
the  appropriate  measure  or  the  significant 
differences  between  the  treated  and  control 
groups.  Efficacy  tests  should  be  replicated  to 
adequately  demonstrate  a  high  degree  of  re¬ 
producible  results  under  various  conditions 
of  use.  Potential  chemosterllants  also  should 
be  tested  in  widely  separated  geographical 
areas.  Because  evidence  exists  that  many  po¬ 
tential  chemosterilants  can  be  quite  specific 
in  their  effects  (Skinner,  1966) ,  all  species  on 
which  the  product  is  to  be  used  must  be 
tested  both  in  the  laboratory  and  in  the  field. 
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CANDm  AKO  OTHER  CARNIVORE  TOXICANTS,  RE¬ 
PELLENTS.  REPRODUenVE  INHIBITORS  AND 
DEVICES 

Research  in  predator  damage  control  has 
only  recently  attempted  to  provide  infor¬ 
mation  on  the  extent  of  predation  and  pos¬ 
sible  alternative  solutions  to  past  and  pre¬ 
sent  control  methods.  Balser  (1974s,  1974b) 
has  reviewed  the  status  of  coyote  control, 
data  on  livestock  losses  and  research  related 
to  control  methodology.  His  review  and  others 
(Cummings,  1966;  Howard,  1974;  Knowlton, 
1972)  have  pointed  to  the  paucity  of  data 
necessary  for  predator  management. 

Methods  with  no  undesirable  characteris¬ 
tics  have  not  yet  been  developed,  llie  belief 
that  one  method  Is  no  better  or  worse  than 
another  is  not  adequate  cause,  however,  to 
either  reject  or  Justify  all  control  techniques. 
Depredation  control  cannot  be  deferred  imtll 
ideal  methods  are  identified. 

Adverse  environmental  effects  from  profes- 
sionaUy-employed  controls  have  not  been 
demonstrated  (USDI,  May  1971;  Berryman, 
1971 ) ,  and,  conversely,  the  need  for  selective 
professional  use  of  lethal  chemicals  In  pred¬ 
ator  damage  control  has  been  documented 
(USDI,  May  1971;  January  26,  1974;  May  30. 
1974).  Experienced  professionals  recognize 
the  limitations  Imposed  on  various  mechan¬ 
ical  methods  by  rough  terrain,  heavy  vegeta¬ 
tion,  adverse  weather  and  other  factors.  Ap¬ 
proval  by  the  Environmental  Protection 
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Agency  of  Experimental  Use  Permits  to  sev« 
era!  western  States  and  to  the  Department  of 
Interior  In  1974  for  use  of  toxic  chemicals  and 
devices  In  predator  control  also  acluiowledgM 
damage  problems  that  have  not  been  solved 
by  mechanical  and  nonlethal  means. 

Changing  land-vtse  patterns  and  land  de¬ 
velopment  have  affected  the  habitats  and 
food  choices  available  to  both  predator  and 
prey  animals.  Consequently,  maintenance  of 
wild  animal  populations  above  levels  sus¬ 
tained  by  available  natural  foods  encourages 
or  requires  Inclusion  of  domestic  products 
In  the  diet.  Control  of  animal  damage  to 
protect  habitats,  other  wild  species  and  do¬ 
mestic  products  is  basic  to  sound  manage¬ 
ment  and  includes  regulation  of  game  and 
non-game  populations.  It  is  an  essential  ele¬ 
ment  In  carnivore  management  and  must  be 
considered  In  the  light  of  current  and  devel¬ 
oping  land-use  patterns. 

Among  the  larger  carnivores  that  cause 
damage  and  resulting  management  problems 
are  the  families  Canldae,  Felidae  and  Ursidae. 
Bobcats  (Lynx  ruftis)  may  prey  extensively 
at  times  on  domestic  animals  and  lynx 
(Lynx  canadensis)  may  occasionally  cause 
damage,  but  offending  anfanals  iisually  can 
be  managed  by  mechanical  methods.  Bears 
(Ursus  spp.)  and  moimtatn  lions  (Felis  con- 
color)  may  cause  extensive  damage  at  times 
but  are  typically  considered  game  animals. 
Again,  offending  animals  are  managed  by 
mechanical  methods  sanctioned  by  State 
wildlife  agencies. 

The  carnivores  of  primary  Interest  here 
are  gray  foxes  (Urocyon  dnereoargenteus) , 
red  foxes  (Vulpes  fulva),  coyotes  (Canis 
latrans),  wolves  (Canis  lupus  and  C.  niger), 
feral  dogs  (Canis  familiaris)  and  various  hy¬ 
brids.  Those  causing  most  damage  problems 
and  concern  at  present  are  red  foxes,  coyotes, 
feral  dogs  and  coyote-dog  hybrids.  They  are 
particularly  difficult  to  manage  because  of 
their  Inherent  caution,  adaptability  and  high 
reproductive  rates. 

Evaluation  of  the  efficacy  of  various  con¬ 
trol  methods  Is  extremely  difficult  because  of 
the  wide  variation  In  circumstances  where 
controls  are  applied.  Heavily  populated  areas 
with  small  farms  present  a  markedly  differ¬ 
ent  environment  than  open  range  with  large 
land  holdings  and  few  humans.  Climate  and 
weather,  habitat  types,  predator  populations 
and  reproductive  rates,  food  bases  and  feed¬ 
ing  habits  are  some  of  the  variables  that 
often  prevent  replication  of  experiments 
under  similar  ocmditions.  Another  majra*  Im¬ 
pediment  is  the  lack  of  adeqviate  census 
techniques  to  measure  populations  and  the 
changes  induced  by  natural  and  applied 
controls. 

Development  of  efficacy  criteria  for  control 
methods  will  require  cognizance  of  time  and 
cost  factors  caused  by  the  complex  nature 
of  predator-prey  ecology  and  'ttie  extreme 
difficulty  In  securing  uniform  replicate  field 
tests.  Several  years  of  study  over  extensive 
geographic  areas  tinder  widely-varied  cli¬ 
matic  conditions  will  be  needed  to  provide 
even  minimal  knowledge  of  predator-prey 
economics,  behavior  and  ecology.  A  review 
of  Information  and  data  from  field  studies 
and  other  sources,  such  as  consensus  stand¬ 
ards  under  development  by  the  American 
Society  for  Testing  and  Materials,  may  pro¬ 
vide  adequate  guidelines  for  protection  of 
nontarget  species  and  the  environment.  But 
bubjectlve  evaluation  will  continue  to  be 
necessary  in  {MWlator  resecuch  and  manage  - 
ment  \mtil  much  more  knowledge  is  avail¬ 
able. 

To  summarize,  ^ectlve  candid  control 
methods  which  meet  all  desired  criteria  do 
not  exist.  Known  methods  applied  to  mini¬ 
mize  imdeslrable  effects  may  provide  efficacy 
data  and  essenttal  damage  control.  Effective 
and  useful  methods  vary  with  time  and  eir- 


cumstanoe  and  may  require  removal  of  spe¬ 
cific  offending  animals  or  population  reduc¬ 
tion  to  achieve  adequate  depredation  control. 
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CANm  AKD  OTHEB  CARNIVORE  TOXICANTS 

Laboratory  methods  for  evaluating  the 
toxicology  and  physiology  of  candidate  chem¬ 
icals  are  well  established  and  will  not  be 
considered  here  except  as  related  to  mode  of 
application.  Consensus  standards  for  use  now 
under  development  by  the  American  Society 
for  Testing  and  Materials  may  provide  ad¬ 
ditional  guidance  In  evaluation  of  efficacy. 

Atzert  (1971),  Crabtree  (1962),  Robinson 
(1970),  Ward  and  Garlough  (1936),  and  Ward 
and  Spencer  (1947)  have  summarized  toxi¬ 
cology  and  use  patterns  for  historically  used 
toxic  chemicals.  Field  research  data  on  the 
use  of  toxic  chemicals  to  control  canid  spe¬ 
cies  Is  limited.  Of  92  research  projects  re¬ 
ported  by  Knowlton  (1973),  none  included 
research  In  this  area.  Experimental  efficacy 
studies  of  the  M-44  (sodium  cyanides  spring- 
loaded  ejector  mechanism)  are  now  being 
developed  In  several  western  States  to  evalu¬ 
ate  Its  use  In  management  of  red  foxes  and 
coyotes. 

No  specific  complete  teat  protocols  exist 
for  field  evaluation  of  toxic  chemicals  for 
predator  management.  Survey  research  data 
related  to  domestic  livestock  losses  and  rela¬ 
tive  effects  of  toxic  baiting  on  coyote  popu¬ 
lations  have  been  reported  by  Robinson 
(1948,  1953a,  1953b,  1961)  and  by  Llnhart 
and  ^blnson  (1972).  Effects  on  target  and 
nontarget  species  populations  are  evMuated 
from  trap-catch  data  and  observations.  Sug¬ 
gested  methods  for  baiting  to  reduce  hazards 
to  nontarget  species  are  given.  Data  recorded 
indicate  that  reduced  coyote  peculations 
were  followed  by  Increased  populations  of 
nontarget  carnivore  species.  Continued  use 
of  additional  control  methods  In  the  survey 
areas  prevents  Isolation  of  specific  effects  of 
each  method.  The  scope  of  the  reports  do 
provide  extremely  useful  Information  on  the 
effects  of  control  and  animal  population 
trends  over  a  time  span. 

Arrington  and  Edwards  (1951)  employed 
antelope  population  surveys  to  evaluate  ef¬ 
fectiveness  of  predator  reduction  on  antelccb 
productivity.  Toxic  chemicals  were  the  pri¬ 
mary  reduction  method,  but  overlapping  use 
of  more  than  one  chemical  and  other  meth¬ 
ods  prevented  Isolation  of  the  effects  of  each 
method.  Coyote  population  reduction  was  re¬ 
ported  to  result  In  greatly  Increased  antel<^ 
productivity;  however,  coyote  populations 
were  not  Indexed. 

Beasom  (1973a,  b)  discusses  relative  effec¬ 
tiveness  and  selectivity  of  various  methods  of 
predator  reduction  to  enhance  wild  turkey 
and  deer  productivity.  High  selectivity  by 
the  M-44  was  noted. 

Balser,  et  al.  (1968)  reported  results  of  a 
well-designed  field  study  of  predator  reduc- 
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tlon  and  waterfowl  nesting  succese.  Several 
reduction  methods  were  used.  Selectivity  Is 
not  thoroughly  discussed,  but  a  similar  de¬ 
sign  would  be  usefxil  in  evaluating  epeciflc 
methods  If  experimental  areas  were  adeqiiate. 

Field  tests  of  halts  must  consider  food 
preference  and  availability  to  target  species. 
Balt  acceptance  by  extremely  wary  Individ¬ 
uals  or  species  usually  requires  that  the 
chemical  either  be  masked  or  be  relatively 
tasteless.  Also  seasons,  weather,  temperature 
and  other  factOTS  affect  bait  acceptance. 
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CANro  AND  OTHER  CARNIVORE  REPELLENTS 

Few  studies  of  potential  repellents  tested 
on  wild  carnivores  have  been  reported.  De¬ 
finitive  results  from  laboratory  and  pen  tests 
are  difficult  to  obtain  and  are  not  neces¬ 
sarily  representative  of  behavior  in  wild  free- 
ranging  species  under  field  conditions.  In  ad¬ 
dition,  highly  variable  physical  and  biological 
factors  may  obscure  the  real  effects  of  po¬ 
tential  repellents.  Preliminary  screening  of 
methods  with  domestic  animals  may  be  use¬ 
ful  before  evaluation  with  wild  species  and 
field  tests  If  such  limitations  are  recognized. 

Nesse  (1971)  and  Swanson  and  Scott 
(1973)  reported  results  of  limited  field  trials 
of  the  "Oerhardl  Livestock  Protector”  to  pro¬ 
tect  goats  and  sheep  from  coyote  depredation, 
but  replications  were  not  adequate  for  ac¬ 
curate  evaluation.  Pfost  (1971)  conducted 
field  trials  of  the  Oerhardl  device  to  protect 
weeder  geese  from  dogs  and  coyotes.  Replica¬ 
tions  were  not  uniform,  but  the  study  was 
reasonably  well  designed. 

Oustavson  et  al.  (1974)  attempted  to  In¬ 
duce  conditioned  aversion  In  coyotes  with 
lithium  chloride;  the  discussion  Is  not  ade¬ 
quate  for  thorough  evaluation.  Jankovsky  et 
al.  (1974)  reported  brlefiy  on  the  results  of 
coyote  repellent  research  In  Colorado.  Again, 
discussion  of  methodology  and  results  Is 
Incomplete,  and  no  wildlife  census  tech¬ 
niques  were  employed. 
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CANm  AND  OTHER  CARNIVORE  REPRODUCTIVE 
INHIBITORS 

Few  studies  have  been  directed  toward 
management  of  wild  canids  by  controlling 
reproduction.  A  wealth  of  Information  has 
been  accumulated  from  screening  tests  of 
potential  human  contraceptives.  These 
studies  and  others  carried  out  with  rodents, 
logomorphs,  do^  and  cats  provide  a  reference 
source.  Preliminary  testing  on  domestic 
species  to  clarify  physiological  effects  may  be 
necessary  because  of  difficulty  In  securing 
normal  reproductive  cycles  In  captive  wild 
species.  Pen  tests  with  target  species  are 
essential,  since  separation  of  physiological 
effects  from  those  caused  by  Inadequate  ap¬ 
plication  techniques  and  other  factors  Is  ex¬ 
tremely  difficult  with  highly  mobile  wild 
species  imder  field  conditions. 


Branker  (1943)  and  Jackson  (1963)  have 
demonstrate  clinical  use  of  dlethylstUbes- 
titff  (DBS)  to  manage  canine  mlsmatlng. 
Kennelly  (1969)  determined  abortifacient 
effects  of  mestranol  In  dogs  during  early  ges¬ 
tation.  Modification  of  Kennelly’s  procedure 
to  determine  effects  at  specific  stages  In  the 
reproductive  cycle  Is  feasible.  Balser  (1964bl 
reported  abortion  In  captive  coyotes  induced 
by  a  single  oral  dose  of  DES. 

Modification  of  test  designs  employed  by 
Llnhart  and  Enders  (1964)  and  Storm  and 
Sanderson  (1969)  to  determine  reproductive 
Inhibition  In  captive  female  foxes  Is  neces¬ 
sary  to  delineate  specific  stages  of  reproduc¬ 
tion  affected.  Additional  changes  are  needed 
to  evaluate  chemical  effects  on  spermato¬ 
genesis  and  male  fox  fertility. 

Llnhart  (1964)  reported  results  of  field 
tests  to  determine  bait  acceptance  by  wild 
foxes,  but  the  test  design  does  not  provide 
population  measurements.  Oleyar  and  Mc- 
Ginnes  (1974)  conducted  field  trials  of  DES 
to  reduce  fox  reproduction. 

Balser  (1964b)  discussed  results  of  field 
trials  with  DES  to  reduce  coyote  reproduc¬ 
tion.  Llnhart  et  al.  (1968)  reported  results 
of  the  field  trial  by  Balser  (1964)  and  several 
others  to  determine  effects  of  DES  on  r^fro- 
ductlon  In  wild  coyote  populations.  Inclusion 
of  several  trials  with  the  variation  In  meth¬ 
odology  employed  prohibits  a  thorough  eval¬ 
uation.  The  authors  suggest  modifications 
of  techniques  and  application  but  do  not 
recommend  specific  methods. 

Improved  techniques  for  application  of 
reproductive  Inhibitors  and  methods  to 
measure  populations  are  needed.  In  many 
wild  species,  relative  Indices  may  be  the 
only  feasible  method  to  determine  popula¬ 
tion  levels  and  changes. 
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CANm  AND  OTHER  CARNIVORE  CONTROL  DEVICES 

Published  research  reports  on  control  de¬ 
vices  are  few.  Extensive  overlap  with  toxic 
chemicals  occurs  since  chemicals  ore  em¬ 
ployed  in  mechanical  devices.  Devices  are 
also  often  used  simultaneously  with  other 
methods.  Separation  of  effects,  therefore,  is 
difficult. 

Beasom  (1973a,  b)  presents  data  and  dis¬ 
cusses  the  use  of  the  M-44,  shooting,  steel 
traps  and  strychnine  baits  to  remove  pred¬ 
ators  and  enhance  productivity  of  wild  tur¬ 
keys  and  white-tailed  deer  in  specific  study 
areas.  Simultaneous  use  of  several  methods 
reduces  the  value  of  the  data  fm*  determin¬ 
ing  effectiveness  and  selectivity  of  the  var¬ 
ious  methods.  However,  high  selectivity  was 
noted  for  the  M-44  and  shooting  when  com¬ 
pared  to  traps  and  baits.  Predate  track 
counts  and  rodent  snap  trap  transects  were 
utilized  to  establish  relative  population  in¬ 
dices,  but  specific  census  techniques  are  not 
provided. 

Robinson  (1943)  discusses  the  use  of  steel 
traps  and  the  “Humane  Coyote  Getter"  for 
predator  control.  The  report  compares  effi¬ 
ciency  and  selectivity,  seasonal  and  weather 
effects,  age  of  animals  removed,  experimental 
areas,  and  defects  of  the  methods.  Census 
techniques  are  not  provided  except  indirectly 
by  indices  based  on  trap  catch  data.  Hey 
(1964)  provides  a  limited  amoimt  at  data 
regarding  use  and  selectivity  of  the  “Humane 
Coyote  Getter”  in  comparison  with  other 
control  methods  and  discusses  hazards  to 
nontarget  q>ecles.  No  census  or  index  meth¬ 
ods  are  discussed. 

Robinson  (1953,  1961)  and  Llnhart  and 
Robinson  (1972)  provide  data  indicated  se¬ 
lectivity  of  steel  traps  in  relation  to  species 
populations  and  discuss  population  trends 
of  target  and  nontarget  species  in  predator 
control  areas.  Population  indices  are  taken 
from  trap -catch  data.  These  reports  do  not 
provide  test  protocols,  but  they  Include 
highly  useful  infcNmatlon  fm*  developing  test 
methodology. 

Field  methods  reported  by  Balser  et  al. 
(1968)  require  adequate  experimental  area 
and  population  indices. 
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DOMESTIC  DOG  AND  CAT  REPELLENTS  AND 
REPRODUCTIVE  mHIBlTORS 

The  number  of  protocols  in  the  literature 
for  tests  of  r^>ellency  with  dogs  and  cats  are 
limited.  A  comprehensive  search  would  Re¬ 
quire  consultation  with  the  workers  in  this 
field. 

Repellents.  Huebner  and  Morton  (1964) 
published  a  tentative  test  of  efficacy  of  5 
commercially  available  dog  repellents.  Pa- 
pendeck  (1968)  conducted  laboratory  re¬ 
search  on  capsaicin  by  spraying  the  test  dogs’ 
muzzles  and  eyes.  The  agent  produced  an 
aversive  response  in  dogs  in  the  laboratory. 
Histological  examinations  showed  that  the 
spray  did  not  cause  lasting  damage  to  the 
eyes. 

Reproductive  Inhibitors.  Balser  (1964) 
specified  the  attributes  of  an  ideal  reproduc¬ 
tive  inhibitor.  It  must  be  effective  in  a  single 
oral  dose,  offer  a  wide  margin  of  safety  be¬ 
tween  the  effective  dose  (ED)  and  the  lethal 
dose  (LD),  remain  chemically  stable  at  an 
ED  of  less  than  500  mg,  be  relatively  taste¬ 
less  and  odorless,  and  have  a  sterility  effect 
for  one  breeding  season.  The  author’s  proto¬ 
col  was  tried  with  the  synthetic  estrogen 
diethylstilbestrol. 

Yasmuth,  Rowe,  Doege  and  Bangxang 
(1970)  tested  ovarian  suppressants  for  dogs. 
’They  subcutaneously  administered  2  ml 
medroxyprogesterone  acetate  to  60  free- 


roaming  females.  Blood  tests,  counts  of  mor¬ 
tality  and  frequency  of  litters  were  taken. 
All  females  had  at  least  1  litter  before  treat¬ 
ment.  Observations  were  made  for  a  year. 

Lunnen,  et  al.  (1974)  published  a  labora¬ 
tory  protocol  for  inducing  impotency  in  male 
dogs.  Male  beagles  were  immunized  with  a 
purified  bovine  lutenlzlng  hormone.  The 
dogs  were  sacrificed  at  the  end  of  the  experi¬ 
ment.  The  testes,  epididymides  and  prostate, 
adrenal,  thyroid  and  anterior  pituitary 
glands  were  excised  and  measured  for  weight 
differences. 
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SKUNK  TOXICANTS,  REPELLENTS  AND  REPRODUC¬ 
TIVE  INHIBITORS 

Skunks  are  generally  beneficial  because 
they  eat  insects,  slugs,  mice  and  a  variety  of 
fruits  and  berries.  In  most  States,  they  are 
listed  either  as  game  animals  or  fur-bearers 
and  cannot  be  shot,  trapped  or  poisoned 
without  permission  from  the  State  game  and 
fish  depaHment. 

’The  following  skunks  occur  in  the  UB. 
(Burt  and  Grossenheider,  1952;  Hall  and  Kel¬ 
son,  1959) :  the  common  striped  skunk 
(Mephitis  mephitis)  is  abundant  through¬ 
out  the  UB.  and  most  of  Mexico  and  Canada; 
the  hooded  skunk  (Mephitis  macroura)  is 
found  in  Central  America,  Mexico  and  the 
Mexican  border  of  southeastern  Arizona;  the 
hognose  skunk  (Conepatus  leuconotus)  oc¬ 
curs  in  Mexico  and  the  Southwest;  and  the 
spotted  skunk  (Spilogale  putorius)  is  found 
over  most  of  the  UB.  except  the  northeastern 
States. 

Toxicants.  Lynch  (1972)  tested  kill -efficacy 
on  a  large  waterfowl  marsh  divided  into  3 
areas  (a  treatment  area,  a  control  area  and 
an  untreated  buffer  area  between).  In  the 
control  area  he  put  out  simulated  duck  nest 
sites  with  4  imtreated  eggs  In  each  nest.  In 
the  treatment  area  each  nest  site  contained  4 
treated  eggs. 
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Seyler  and  Niemeyer  (1974)  used  strych- 
nlne>lnjected  eggs  for  emergency  control  of 
rabies  in  skunks  in  Montana.  They  put  out 
scent  post  lines  to  determine  the  population 
densities  of  carnivores.  They  also  evaluated 
the  effects  on  nontarget  q>ecle8. 

Repellents.  There  is  little  specific  literature 
on  repelling  or  controlling  skunks.  Scientific 
methodology  of  testing  has  only  been  worked 
out  for  those  species  where  monetary  losses, 
for  example,  to  forestry  or  agriculture  are 
high. 

Reproductive  Inhibitors.  Some  preliminary 
work  on  reproductive  inhlbitms  for  both 
Skunks  emd  raccoons  has  been  reported  (Nel¬ 
son  and  Linder,  1972) . 
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wHrrx-TAnjx)  dkes  skpkllents 

Repellents  are  now  widely  used  in  the  U.S. 
In  general,  3  types  of  repellents  have  been 
used  for  deer,  the  odor  repellents  and  the 
taste  repellents. 

There  are  several  methods  for  testing  the 
efficacy  of  repellents  on  vegetation  in  relation 
to  deer  damage.  The  oldest  method  has  been 
to  lay  out  line  transects  and  establish  plots 
in  treated  and  untreated  areas  (Besser  and 
Welch,  1959).  The  most  widely  used  method 
(Duncan  and  Whitaker,  1969),  however,  is  to 
siuwey  transects  in  the  field  on  treated  and 
imtreated  areas.  These  methods  require  a 
long  period  of  time  and  the  results  are  diffi¬ 
cult  to  evaluate. 

Another  method  involves  pen  tests  where 
materials  are  treated  and  then  presented  to 
the  test  animals.  An  additional  modification 
consists  of  providing  pens  with  captive  ani¬ 
mals  and  planted  blocks  of  treated  and  un¬ 
treated  seedlings.  These  pen  tests  yield  more 
controlled  data.  In  these  experiments,  the 
seedlings  are  planted  In  and  1-acre  en¬ 
closures  holding  deer  and  hares.  A  contnfi 
and  a  repellent  planting  are  used  to  evaluate 
the  test  chemical.  Dodge,  Loveless,  and 
Kvemo  (1967)  modified  the  techniques  for 
the  planted  enclosures.  These  tests  were  of 
randomized  complete  block  design  in  which 
10  blocks  with  10  trees  per  block  for  each 
of  the  treatments  were  used.  Hie  imtreated 
control  pen  must  be  observed  routinMy  until 
60  to  80  percent  of  the  reference  seedlings 
sustain  animal  damage. 

Campbell  and  Bullard  (1973)  devised  a 
preference  test  design  using  an  appcuatus 
which  presents  2  food  samples.  The  arrange¬ 
ment  can  be  quickly  changed  to  irffer  2  more 
small  dishes  of  a  test  materlaL  These  pres¬ 


entations  are  made  so  that  at  least  2  com¬ 
pletely  different  sets  of  experiments  can  be 
executed  at  one  time.  Four  to  10  deer  are 
routinely  tested  once  or  twice  dally  tor  1 
2  weeks.  The  test  consists  of  at  least  10  to  as 
high  as  30  choices.  Nmmially  a  deer  can  com¬ 
plete  20  choices  in  about  6  minutes.  The 
animals  are  tested  against  a  repellent  stand¬ 
ard.  One  objective  of  the  test  is  to  obtain 
marginal  acceptance. 
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FIELD  CENSUS  TECHNIQUES 

Population  censusing  under  field  situations 
is  essential  to  adequately  evaluate  many 
vertebrate  pest  control  agents.  Some  means 
must  be  used  in  determining  the  number  of 
animaia  before  treatment  and  again  at  post¬ 
treatment  to  establish  efficacy.  Censusing 
techniques  are  fundamentol  to  all  popula¬ 
tion  studies  designed  to  measure  the  influ¬ 
ence  of  chemicals  on  the  target  or  nontarget 
populations. 

Censusing  techniques  for  the  orders 
Rodentia  and  Lagomorpha  are  numerous 
and  varied.  Probably  no  technique  is  perfect; 
each  has  its  strengths  and  weaknesses.  The 
researcher  must  make  every  effort  not  only 
to  determine  which  methods  of  population 
estimation  best  siUt  his  purposes  but  also 
to  apprise  himself  of  all  the  weaknesses  of 
his  chosen  methods.  This  enables  the  best 
interpretation  of  the  results  within  the 
framework  of  his  outlined  test  methods  or 
procedures.  In  a  general  vein,  Murray  (1967) 
warns  of  the  danger  of  error  in  most  census¬ 
ing  techniques  due  to  the  selective  distribu¬ 
tion  of  animals  according  to  habitat  type 
within  an  area  being  censused.  Censusing 
methods  which  in  themselves  affect  the 
population  (for  example,  fatal  trapping, 
shooting,  etc.)  should  not  be  used  unless 
statistical  procedures  can  be  applied  to  cor¬ 
rect  for  these  effects.  When  practical,  more 
than  one  censusing  procedure  should  be  used. 

Many  comparisons  of  techniques  are  avail¬ 
able.  Edwards  and  Eberbardt  (1963)  tested 
various  methods  of  estimating  a  population 
of  cottontail  rabbits  (Sylvilagus  floridanus) 
from  live-trapping  data  against  a  known 
population.  They  suggested,  with  some  qual¬ 
ifications,  that  linear  regression  or  maximum 
likelihood  estimation  (MLE)  methods  were 
the  most  useful.  When  several  procedures 
were  tried  on  grey  squirrels  (Scuirus  caro~ 
linensis)  in  Maryland.  Flyger  (1969)  fotmd 
that  a  Schnabel  (1938)  population  estimate, 
based  on  what  Flyger  termed  “trap-sight  rec¬ 
ords,”  was  best  for  estimating  the  population. 
He  used  visual  sightings  because  he  felt  that 
it  lessened  bias  injected  by  trap-shy  or  trap- 
prone  animals.  The  Schnabel  method  is  a 
variation  of  the  Lincoln  Index  that  uses  the 
average  of  a  series  of  ratios  rather  than  one 
and  is  considered,  therefore,  to  be  less  prone 
to  sampling  error.  Nixon  et  al.  (1967)  also 
felt  that  pc^iulatlon  estimates  of  squirrels 
(£>.  carolinensis  and  S.  niger)  from  the 
Schnabel  method  were  low  because  of  cap¬ 
ture  frequency  variation  for  different  indi¬ 
viduals.  They  preferred  the  simplified  MLE 
method  (Edwards  and  Eberhardt,  1967). 

Robinette  et  al.  (1974)  conducted  tests  of 
10  different  types  of  strip  censuses.  The  8 
most  satlsfactray  methods  were  those  of 
Kelker  (1945),  Anderson  and  Pospahala 
(1970)  and  King.  King’s  method  was  de¬ 
scribed  by  Leopold  (1933)  in  his  book  on 
game  management.  Hayne  (1949)  presents  a 
critical  evaluation  of  the  King  method. 

Beaver  census  techniques  are  reviewed 
and  evaluated  in  light  of  an  extensive  cen¬ 
sus  operation  by  Hay  ( 1958) .  After  checking 
several  census  methods,  he  foimd  aerial 
counting  of  food  caches  to  be  the  most 
practical  and  reliable. 

Forest  rodent  censusing  to  determine 
conifer  seed  depredation  potential  provides 
an  Interesting  example  of  a  situation  where 
the  techniques  used  are  not  aimed  toweud 
absolute  enumeration,  but  toward  popula¬ 
tion  indices  for  use  in  evaluating  rodent 
control  operations.  Lines  of  live  or  snap 
traps  are  often  used  for  these  determina¬ 
tions.  However,  some  researchers  feel  that 
the  "seed-spot"  census  method  is  more  use¬ 
ful  to  foresters  than  tnqiplng  because  of  Its 
relative  ease  in  use  (Tevls,  1956;  Moore,  1949- 
60) .  Tevls  discusses  the  method  thoroughly. 
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It  is  based  oa  the  aasumption  that  the  per¬ 
centage  of  piles  of  seeds  placed  in  an  area 
that  are  disturbed  is  proportional  to  the 
number  of  seed  eaters  in  that  area.  Moore 
gives  a  hey  for  determining  what  species  dis¬ 
turbed  each  seed  spot. 

Tgmiffn  et  al.  (1949)  reviewed  Norway  rat 
{Rattus  norvegicus)  census  methods  in  some 
detail  and  dlscussied  the  shortcomings  of 
some  of  the  various  methods.  Chitty  (1942) 
and  Bentley  et  al.  (1967)  used  wheat  con¬ 
sumption  as  a  poulation  index  for  Norway 
rats  in  sewers.  Rohe  (1966)  gives  guidelines 
for  the  censusing  of  roof  rats  (Rattus  rat- 
tus);  he  used  snap-traps  and  nontoxic 
paraffln-graln  bait  blocks  to  test  for  the 
presence  of  rats  and  their  relative  numbers. 
Nelson  and  Clark  (1973)  published  a  method 
for  correcting  trapping  results  by  taking  into 
acootmt  sprung  traps  in  calculating  catch  ef¬ 
fort.  Emlen  et  al.  (1957)  and  Tester  and  Em- 
len  (1960)  tested  dropping  boards  as  a 
method  of  obtaining  population  Indices. 

Census  methods  for  pocket  gophers  (Geo- 
mpt  bursarius)  and  moles  (Talpa  europa 
Linnaeus)  are  presented  by  Beck  and  Ham- 
aen  (1966)  and  Mead-Brlggs  and  Woods 
mating  pocket  gophers  by  counting  new  signs 
was  also  reported  by  Reid  et  al.  ( 1966) . 

When  faced  with  the  task  of  censusing  a 
population,  2  sources  far  background  infor- 
matk>n  are  Dice  (1941)  and  Davis  (1956). 
Dice  reviews  many  of  the  methods  for  deal¬ 
ing  with  mammalian  populations,  and  Davis 
gives  an  outline  of  field  and  laboratory  meth¬ 
ods  for  accuniulating  and  analyzing  data  on 
rodent  populations.  In  addition  to  these 
sources.  Chitty  and  Shorten  (1946)  present 
a  compilation  on  the  techniques  for  the  study 
of  Norway  rats.  And,  finally,  T^per  (1967) 
compiled  a  bibliography  entitled,  "Statistl- 
eal  Methods  in  Using  Mark -Recapture  Data 
for  Population  Estimations." 
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INTBODUCnON 

The  suggested  test  methods  or  "protocols" 
described  here  were  developed  from  extensive 
literature  secuches,  wodtshope  and  consulta¬ 
tions  with  academic,  governmental  and  in¬ 
dustrial  experts  in  environmental  chemistry 
of  pesticides.  Note  that  the  protocols  cur¬ 
rently  Included  do  not  address  the  fate  of 
peattcidee  in  aquatic  or  runoff  sediments. 
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The  protocols  described  are  considered  ac> 
ceptable  for  compiling  registration  data  at 
this  time.  The  remaining  discussion  In  this 
Introduction  provides  Interpretative  Infor¬ 
mation  on  certain  environmental  chemistry 
terminology  and/mr  techniques  Included  In 
the  protocols. 

The  dissipation  of  pesticides  In  the  en¬ 
vironment  occmrs  by  various  biological, 
chemical  and  physical  processes,  and  In  gen¬ 
eral,  the  test  methods  described  here  are 
designed  to  characterize  the  potential  en¬ 
vironmental  significance  of  these  various 
processes.  For  purposes  of  registration,  the 
primary  objective  of  laboratory  and  field  soil 
dissipation  studies  should  be  the  character¬ 
ization  of  the  rate  and  pathtoaya  (products) 
of  dissipation  as  opposed  to  mechanisms 
(microbial  versus  chemical,  etc.).  Accord¬ 
ingly,  In  discussing  test  methods,  the  term 
“dissipation”  Is  used,  except  where  more 
specific  terminology  Is  Justified. 

Since  knowledge  of  all  major  products 
formed  Is  essential,  studies  with  radiolabeled 
pesticides  Is  necessary.  As  Indicated  In  the 
EPA  Guidelines  for  Registering  Pesticides, 
“radlolabellng  should  be  In  a  strategic  por¬ 
tion  of  the  molecule  that  will  remain  in  the 
significant  degradation  products.”  Usually, 
but  not  always,  such  labeling  will  Involve 
carbon  14  in  an  aromatic  ring.  However,  some 
highly  complex  pesticides  may  require  radlo¬ 
labellng  at  several  points  In  the  molecvile  or 
with  dissimilar  Isotopes  to  assure  adequate 
coverage  of  all  chemical  transformations.  To 
avoid  undue  emphasis  on  the  use  of  any  one 
isotope  in  preference  to  another,  the  more 
general  terms  “radiolabel,”  or  “radioactivity” 
are  used  In  descriptions  of  suggested 
methods. 

In  assembling  test  methods  and  protocols, 
2  levels  of  product  Identification  were  as¬ 
sumed;  Characterization  and  complete  chem¬ 
ical  Identification.  It  is  important  that  the 
material  balance  be  studied  dvurlng  metabolic 
or  photochemical  studies,  since  the  quantita¬ 
tive  significance  of  products  may  then  be 
assessed.  Efforts  should  be  made  to  Identify 
or  characterize  products  that  do  not  appear 
to  be  of  a  transitory  nature. 

Complete  chemical  Identification  implies 
rigorous  and  complete  establishment  of 
chemical  structure  and  spatial  conforma¬ 
tion  of  a  molecule  by  comparison  of  chemical 
and  physical  properties  (for  example,  mixed 
melting  point,  spectral  measurements,  etc.) 
with  those  recorded  for  an  authentic  speci¬ 
men.  If  authentic  material  is  not  available, 
the  structure  may  be  postulated  on  the  evi¬ 
dence  of  Instrumental  determinations  and 
chemical  reactions.  The  criteria  for  Identi¬ 
fication  should  conform  to  the  standards  ac¬ 
cepted  by  reputable  chemistry  Journals. 
Specific  methods  for  quantitative  analysis 
may  be  devised  after  a  substance  has  been 
completely  Identified. 

Product  Identification  should  be  conducted 
on  all  materials  comprising  more  than  10 
percent  of  the  Initial  application,  or  0.1  ppm, 
whichever  is  greater  at  the  time  of  sample 
analysis.  Other  products  in  excess  of  0.01  ppm 
should  be  Identified  where  feasible.  Where 
such  chemical  identification  Is  not  feasible, 
attempts  should  be  made  to  characterize  the 
product.  Characterization  of  unidentifiable 
products  may  Include  such  factors  as  TLC 
mobility,  GC  retention  time,  relative  polarity, 
UV  absorbance  on  TLC  (+  or  — ),  radio¬ 
active  content  (percent  of  original  or  total 
recovered),  or  possible  TLC  spray  reactions. 

It  is  recognized  that  polar,  polymeric,  and 
bound  materials  present  a  major  problem. 
In  most  cases  their  Identity  cannot  readily 
be  established  and  their  homogeneity  Is  dif¬ 
ficult  to  determine.  Their  quantitative  sig¬ 
nificance  and  homogeneity  should  be  Inves¬ 
tigated  through  studies  of  material  balance. 
In  the  case  of  bound  materials,  their  dlstri- 
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butlon  between  substrate  fractions  should  be 
examined.  (For  example,  association  with  cer¬ 
tain  fractions  of  soli  or  tissue  may  be  Investi¬ 
gated  by  classical  fractionation  techniques.) 
Chemical  studies  may  not  reveal  the  struc¬ 
ture  of  such  compounds,  but  data  may  be 
obtained  to  support  their  characterization. 
Although  data,  such  as  ultraviolet  spectra. 
Infrared  spectra,  etc.,  may  not  be  readily  sub¬ 
ject  to  Interpretation,  the  data  can  f(»m 
reference  points  for  comparison,  confirma¬ 
tion  and  repetition  of  experimental  studies. 

Investigations  should  be  sufficiently 
thorough  to  support  the  characterization  of 
the  material  in  question.  For  example,  the 
characterization  of  a  photolysis  product  as 
“polar”  should  be  based  on  broader  evidence 
than  the  fact  that  It  remains  Immobile  in 
the  solvent  system  chosen  for  chromatogra¬ 
phy  of  the  major  products.  At  the  termina¬ 
tion  of  a  photochemical  experiment,  for  ex¬ 
ample,  data  should  Indicate  the  relative  sta¬ 
bility  of  a  compound  to  light  In  solution  and 
In  the  solid  states.  The  structures  of  the 
major  photolytlc  products  should  be  charac¬ 
terized,  together  with  their  quantitative  sig¬ 
nificance,  at  several  time  Intervals  after  the 
Initiation  of  the  study. 

Extrapolation  of  the  results  of  laboratory 
studies  to  environmental  behavior  can  be  un¬ 
dertaken  only  with  the  realization  that  many 
pitfalls  are  Involved  and  that  few  experi¬ 
ments  have  been  performed  to  show  the  fail¬ 
ure  or  success  of  such  attempts. 

CHEMODTNAMIC  PARAMETERS — WATER 
SOLITBILITT 

The  classical  definition  of  a  solution  Is  "a 
homogenous  mixture  constituting  one  phase 
only,  of  two  or  more  components”  (1).  The 
application  of  this  definition  Is  clear  if  a  sub¬ 
stance  forms  a  true  solution  In  which  the 
particles  of  solute  are  of  molecular  dimen¬ 
sions,  for  example,  sucrose  or  urea.  A  sus¬ 
pension  or  an  emulsion,  by  contrast,  contains 
particles  visible  to  the  naked  eye  (m*  micro¬ 
scope  lens.  Between  these  two  extremes,  how¬ 
ever,  exist  colloidal  systems  formed  by  sub¬ 
stances  of  low  solubility.  The  determination 
of  solubility  of  pesticides  may  often  be  com¬ 
plicated  by  the  problem  of  formation  of  col¬ 
loidal  systems,  since  many  pesticides  are  sol¬ 
uble  to  less  than  100  ppm  In  water  (2). 

Recommended  Procedures.  It  Is  Iroportant 
that  the  material  under  study  be  as  pure 
as  po.sstble,  especially  If  the  method  of  solu¬ 
bility  determination  involves  the  analysis 
of  a  saturated  solution.  The  method  of 
analy.'^is  should  be  as  specific  as  possible.  The 
determination  of  radioactivity  In  a  solution 
of  a  compound  previously  crystallized  to  con¬ 
stant  specific  activity  Is  one  example  of  a 
technique  for  determination  of  solubility 
which  would  satisfy  this  criterion. 

Classical  Method: — The  classical  method 
(2,  3)  requires  equilibration  at  the  recom¬ 
mended  temperature  followed  by  determina¬ 
tion  of  the  concentration  of  material  In  solu¬ 
tion.  Use  of  radiocuitlve  material  facilitates 
this  measurement.  The  separation  of  the  sat¬ 
urated  solution  from  the  dispersed  particles 
can  be  achieved  by  centrifugation.  It  is  rec¬ 
ommended  that:  (1)  The  centrifugation  be 
carried  out  at  12,000  g  (with  temperatme 
control)  until  there  Is  no  change  In  concen¬ 
tration  of  the  supernatant  liquid;  and  (2) 
the  solubility  In  water  be  determined  at  S 
temperatures — 16®,  28*  and  36“  C, 

The  effect  of  pH  on  the  solubility  should 
be  studied  If  the  pesticide  Is  acidic  or  basic, 
and  the  pH  range  studied  should  enemnpass 
the  pKt  or  pKb  values  (4) . 

The  work  by  Gunther  et  al.  (5)  serves  as  a 
primary  reference  to  solubility  of  pesticides. 
Not  only  are  solubility  values  given  with  ref¬ 
erences,  but  also  methods  are  described  and 
examples  are  given.  However,  some  details  of 
technique  are  either  <»nltted  or  bear  re- 
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emphasis.  The  following  procedure  should  be 
followed.  In  general: 

1.  Interference  of  soluble  impurities  can 
be  minimized  by  slnq;>le  expedient  of  prepar¬ 
ing  several  successive  saturated  solutions 
from  the  same  sample  of  chemical.  Scdublllty 
values  should  not  change. 

2.  Some  caution  should  be  used  In  apply¬ 
ing  filtration  to  satiurated  solutions  from 
vetry  slightly  soluble  chemicals.  Adsorption 
from  such  a  dilute  solution  may  be  signifi¬ 
cant. 

3.  A  reoonunended  technique  Is  to  prepare 
saturated  solutions  both  by  shaking  the 
chemical  with  water  at  room  temperature 
and  by  preparing  a  supersatmrated  scfiution 
(normally  at  elevated  temperature) ,  which  is 
also  equilibrated  by  shaking  at  room  tem¬ 
perature.  Both  approaches  should  yield  the 
same  solubility  value. 

Nephelometric  Method,  liie  nephelometric 
method  Is  a  rapid  method  that  may  be  useful 
for  many  pesticides  e^>eclally  If  radloactlvely 
labeled  material  Is  not  available.  The  fact 
that  It  Is  rapid  not  only  makes  It  economical¬ 
ly  advantageovis  but  also  makes  It  applicable 
to  compounds  that  decompose  slowly  In 
water.  An  example  Is  maneb,  which,  because 
of  slow  decomposition,  releases  an  ever  In¬ 
creasing  amount  of  manganese  as  It  Is  shaken 
with  watetr.  Davis  and  Parke  (6)  have  de¬ 
scribed  a  nephelometric  method.  This  method 
Is  recommended  for  compounds  possessing 
solubility  greater  than  1  ppm  and  gives  only 
an  approximate  value.  To  obtain  the  true 
solubility  value,  another  method  should  be 
employed. 

The  method  requires  a  turbidimeter,  such 
as  the  Hach  Turbidimeter  2100,  and  an  ultra- 
sonifier,  such  as  the  Biosonlc  IV.  A  1  percent 
solution  of  the  chemical  In  acetone  or  eth¬ 
anol  is  used  to  obtain  an  initial  rough  esti¬ 
mate  of  solubility  by  observing  the  presence 
or  absence  of  turbidity  with  Injection  of 
various  amounts  of  scfiutlon  into  ajqiroxl- 
mately  30  ml  water  and  sonloatlon  for  10  sec 
by  a  sonic  probe.  If  the  8u^>ensk>ns  are  tm- 
stable  and  quickly  coctlesce  into  larger  parti¬ 
cles,  the  methcxl  will  not  work  for  the  par¬ 
ticular  chemical.  It  is  not  generally  fruitful 
to  search  for  a  stabilizing  agent  but  occa¬ 
sionally  gelatin,  methocel,  etc.,  may  help 
stabilize  the  suspension. 

If,  the  suspension  Is  stable,  a  aeries  of  sus- 
pen^ons  are  prepared  and  sonicated.  The 
soni<»tlon  Is  timed  by  a  stop  watch  and  the 
temperature  measured  Just  after  the  tur¬ 
bidity  of  the  sample  Is  measmred.  The  tur¬ 
bidities  plotted  against  the  total  concentra¬ 
tion  should  give  a  straight  line.  Other  con¬ 
centrations  are  prepared,  as  necessary,  to 
define  the  line  and  also  the  “zero”  turbidity 
caused  by  the  water  used  and  by  the  “In¬ 
soluble  Impurities  In  the  chemical  sample.  In 
most  cases  the  solubility  (point  of  "zero” 
turbidity)  can  be  estimated  by  determining 
a  best  straight  line  either  by  eye  or  linear 
regression.  Solubility  at  other  than  room 
temperature  can  be  achieved  by  use  of  con¬ 
stant  temperature  water  baths. 

Method  for  Hydrophobic  Chemicals.  The 
water  solubility  of  hydrophobic  chemicals, 
such  as  DDT,  where  the  values  are  In  the 
range  of  parts  per  billion  Is  difficult  to  meas¬ 
ure.  Such  chemicals  take  much  longer 
time  to  reach  equilibrium.  The  following 
procedure  should  be  adopted  (7). 

Before  starting  the  experiment.  It  should 
be  determined  that  the  water  contains  no 
organic  Impurity.  Such  an  Impurity  may  be 
removed  by  extracting  It  with  an  organic 
solvent  then  boiling  or  passing  the  water 
through  a  column  containing  a  suitable 
resin.  The  compound  under  Investigation 
should  be  dissolved  In  ether  atnd  deposited 
as  a  thin  layer  on  the  wall  of  the  container 
(either  a  large  glass  container  or  a  carboy). 
The  ether  is  eviqmrated  and  water  added. 
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The  system  should  be  sUrred  Slowly  snd  the 
\pater  analyzed  for  the  concentration  of  the 
chemical  as  a  function  of  time,  until  a  con¬ 
stant  valiM  Is  reached.  At  this  point  the  stir¬ 
ring  should  be  discontinued  and  the  water 
analyzed  again  for  Um  concentration  of  the 
chemical.  Stirring  may  cause  the  formation 
of  aggregates;  when  the  stirring  Is  discon¬ 
tinued,  such  aggregates  may  settle  down 
and  the  concentration  of  the  chemical  in 
the  water  may  decrease.  Therefore,  addi¬ 
tional  samples  should  be  analyzed  for  the 
concentration  oS  the  chemical  until  there 
is  no  further  change.  This  would  repre¬ 
sent  the  true  solubility  of  the  compound. 
Ihe  analysis  of  the  compoxmd  may  be  car¬ 
ried  out  \i8ing  radioactive,  gas-llquld  chro¬ 
matography  or  any  other  suitable  technique. 
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CHZMODTNAMIC  PAEAMETERS - PAKTmON 

COEFFICIENT 

Once  a  pesticide  finds  Its  way  Into  a  living 
system,  its  accumulation  and  transport,  to 
a  great  extent,  will  be  governed  by  Its  par¬ 
tition  characteristics — water  solubility,  po¬ 
larity  of  the  molecule,  afiinity  of  the  chem¬ 
ical  towards  fats  and  the  nature  of  the  indi¬ 
vidual  biological  polymer.  The  well-known 
Overton-Meyer  hypothesis  Indicated  that 
lipid  solubility  of  a  toxic  chemical  may  be 
related  to  Its  toxicity  (1).  It  Is  now  gen¬ 
erally  accepted  that  the  partition  coefficient 
(defined  as  the  ratio  of  concentration  of  the 
chemical  at  equilibrium  In  octanol  and  water 
phase)  may  be  related  to  toxicity  and  elec¬ 
tronic  parameters  of  a  compound  (2).  This 
concept  has  found  considerable  application 
in  the  development  of  new  drugs.  Since  pes¬ 
ticides  generally  possess  low  water  solu¬ 
bility  and  high  lipid  affinity,  the  octanol/ 
water  partition  coefficient  data  may  provide 
much  Information  about  their  distribution, 
accumulation  and  persistence  In  a  living 
system  (2).  Such  data  also  may  be  helpful 
In  planning  toxicological  and  monitoring 
studies. 

Method.  The  octanol/water  partition  co¬ 
efficient  may  be  determined  by  the  general 
method  described  below. 

bperlments  should  be  carried  out  by 
equilibrating  the  pesticide  In  n-octanol/ 
water  mixture.  Pestlcklee  and  »-octanol  of 
the  purest  grade  available  should  be  used; 
the  octanol  should  be  distilled.  Since  octanol 


has  a  finite  solubility  In  water,  both  water 
and  octanefi  should  be  equilibrated  with  each 
other.  The  pesticide  should  be  dissolved  In 
n-octanol  and  equilibrated  against  water. 
The  system  Should  be  shaken  at  constant 
temperature,  centrifuged  and  the  concentra¬ 
tion  of  the  pesticide  In  the  n-octanol  and 
water  phase  should  be  determined  by  a 
suitable  analytical  technique.  The  time  re¬ 
quired  for  equilibration  and  the  ratio  of 
octanol  to  water  will  depend  on  solubility 
of  the  compound  and  will  be  determined  by 
a  trlal-and-error  method.  The  partition  co¬ 
efficient  Is  calculated  from  the  ratio  of  the 
concentration  of  pesticide  In  n-octanol  and 
water,  after  equilibrium.  Experiments  should 
be  carried  out  at  2  different  concentrations 
of  a  pesticide. 

Interpretation  of  Results.  If  a  pesticide 
has  a  high 'partition  coefficient.  It  Is  likely 
that  It  will  bioaccumulate  or  be  persistent. 
If  the  partition  coefficient  is  greater  than 
100,  a  fish  bioconcentration  experiment  may 
be  indicated.  If,  on  the  other  hand,  the 
partition  coefficient  Is  less  than  10,  blocon- 
centration  is  unlikely. 
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CHEUODTNAMIC  PEOPERTIBS — DISSOCIATION 
CONSTANTS 

The  dissociation  constants  of  acidic  and 
basic  pesticides  in  water  are  essential  to  un¬ 
derstanding  their  environmental  behavior. 
The  relative  distribution  of  undissociated, 
cationic  or  anionic  species  of  a  pesticide  can 
affect  Its  availability  In  such  processes  as  ox¬ 
idation-reduction  reactions,  ion  exchange, 
coagulation,  adsorption  and  leaching  (f,  2). 

Numerous  methods  for  determining  disso¬ 
ciation  constants  have  been  used  and  are 
briefly  reviewed  by  Nelson  and  Faust  (I). 
The  usual  method  is  to  conduct  a  potentlo- 
metrlc  titration  of  the  chemical  with  strong 
acid  or  base  as  required  (f ) ;  however,  poten- 
tiostatic  (3)  or  spectrophotometric  (4)  meth¬ 
ods  might  also  prove  useful. 

1IETHODOI.OGT 

Materials.  (1)  The  pesticide  should  be 
analytical  reference  grade.  (2)  For  tltrants, 
standardized  0.10  N  NaOH  Is  prepared  and  the 
sodium  carbonate  and  carbon  dioxide  are 
eliminated  by  conventional  techniques  In  ad¬ 
dition  standardized  0.10  N  HCl  Is  also  pre¬ 
pared.  (3)  For  Ionic  strength  control,  sodium 
perchlorate  or  potassium  chloride  may  be 
usefuL 

Equipment  and  Procedure.  An  expanded 
scale  pH  meter  Is  used  with  glass  and  satu¬ 
rated  calomel  electrodes.  The  Instrument 
should  be  standardized  and  linearized 
against  standard  buffer  solutions.  The  tem¬ 
perature  should  be  monitored  constantly 
and  maintained  within  25*  ±0.1*C.  Titrations 
are  performed  under  an  atmosphere  of  nitro¬ 
gen  that  Is  run  through  sodasorb  and  dis¬ 
tilled  water.  This  technique  prevents  evapo¬ 
ration  of  the  tltrant  solution. 

The  steps  below  provide  the  necessary  data 
for  calculating  the  acidic  dissociation  con¬ 
stants.  The  determination  of  basic  dissocia¬ 
tion  constants  will  ocHrespond  with  the  sub¬ 
stitution  of  HCl  for  NaOH. 

Plot  pH  versus  volume  (ml)  of  NaOH  to 
yield  the  typical  S-shaped  titration  curve  for 
a  monobasic  add.  If  the  add  Is  polybadc. 


there  may  be  more  than  one  Inflection  point. 

Plot  the  5  pH/dml  versus  average  volume 
(ml)  of  tltrant  to  yield  the  first  derivative 
curve  which.  In  turn,  reveals  the  equivalence 
point  or  point  of  Inflection  of  the  titration 
curve. 

In  the  S-shaped  curve,  chooee  a  point 
above  halfway  to  the  equivalence  point, 
where  a  well-buffered  region  exists.  In  this 
region,  the  concentration  of  the  undlssocl- 
ated  acid  is  approximately  equal  to  the  con¬ 
centration  of  the  anion,  and  the  pH  change 
Is  small  with  efu:h  addition  of  NaOH.  Conse¬ 
quently,  there  Is  less  chance  for  error  In  the 
pH  reading.  The  chosen  point  yields  values 
for  (H,0'^],  V,  and  v  for  Insertion  Into  the 
equation: 


where 


•bydronlum  ion  concentration. 

= classical  or  concentration  dissociation  con¬ 


stant. 

Af^nonnality  of  NaOH. 

»i=Toliune  of  titrant  added,  l.e.,  the  buret 
reading. 

V“total  volume. 

V(— theoretical  volume  of  tilrMit  added  at  the 
e()ui valence  point,  calculated  from  the 
w^ht  of  acid  pesticide  used. 


This  equation  yields  the  classical  or  con¬ 
centration  acidic  dissociation  constant,  which 
varies  with  ionic  strength.  If  the  acid  under 
investigation  is  polybaslc  or  the  dissociation 
constants  are  close  together,  then  the  equa¬ 
tion  cited  above  should  be  modlfled  accord¬ 
ingly.  If  it  is  assumed  that  activity  coeffi¬ 
cient  equals  1,  then  (HjO+)  =  [HjO*]  and 
pH=  —log  [H^O'].  Equation  1  is  a  strsdght- 
forward  derivation  from  the  law  of  electo- 
neutrallty  and  appropriate  substitutions. 
The  |OH-]  curve  was  assumed  to  be  small 
and  negligible  In  the  portion  of  the  titration 
curve  from  which  the  calculation  of  K  was 
made. 

A  theoretical  titration  error  at  the  equiv¬ 
alence  point  can  be  calculated  from: 
y  _ y 

5  X 100= percent  titration  error 

(2) 

where  actual  volume  of  titrant  added  at 
the  equivalence  point. 

Classical  K  values  as  calculated  from  Equa¬ 
tion  1  by  Nelson  and  Faust  (2)  are  listed  in 
Table  1  for  several  Ionic  strength  values.  A 
comparison  of  the  values  with  those  reported 
In  the  literature  by  other  Investigators  is 
presented  In  Table  2.  For  more  accurate 
measurements  of  pK^  and  pHf,,  appropriate 
corrections  for  the  Influence  of  tonic  strength 
may  be  necessary  (Table  1). 

’f^^x  l.—Aeidie  ditsoeMHm  eonslentt  (E)  at  mriotu  ionie 
strengths  (1) 


[From;  reference  1) 


Compound 

I 

K 

Theoretical 

titration 

enot 

(percent) 

Dalapon _ _ 

0.02 

0.05 

1.25X1»'* 

1.45X10-* 

-1.15 

2,4-D_ . is 

0.01 

0.05 

1.7  X10-* 
1.85X1(H 

-fast 

2,4,5T„ . = 

0.012 

0.03 

1.29X10-* 

1.81X10-* 

+0.47 

2-CPA _ = 

ao3 

0.05 

L04X10-I 

LMXlO'i 

-AM 

4-CPA . — 

0.02 

aos 

1.0  xio-i 

1. 12X10^ 

-1.18 

MCPA.. _ =..=a 

0.012 

aoi 

A07X10-* 

8.82X10'< 

-0.57 

Fenae..i _ r- — 

ao2 

0.06 

l.aBX10-« 

I.WXIO'* 

-1.10 

MCPB _ ..~.ss 

0.02 

AOS 

1.4  XIO^ 
LS  XIAS 

+1.00 
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Tabu  2.— A  tomtmrimn  •/  pE  ralndt  rtporUi  for  tk*  UrbieUt$  > 
(Fraoi:  rateMMelJ 


Rate- 


ROM 

Mathed  •  - 

%4-D 

2.4.5-T 

8-CPA 

4-CPA 

MOPA 

MCPB 

Fanac 

Datapoa 

1 . 

..  Poteatiometrie — 

2.78 

2.81 

*2.88 

2.U 

*2.92 

*Z95 

>3.05 

*488 

*A70 

*1.84 

2.US 

Z99 

8.02  . 

2.M 

8.28  . 

2.80 

2.83 

8.01 

Ail  . 

8.92 

K  M  V 

3.05 

3.10  . 

S.2S 

8.  Si 

2.63 

8.14 

2.88  . 

8.87 

l.SS 

X14 

8.M 

AOO 

4.88(6F). 

2.80 

3.22(90°). 

8.31 

3.46(00°) 

A40 

A21 

>  Tamp(ntaf«-2S°  C  unless  otherwise  sUted. 

»  /-0.05. 
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CHEMOOTNAMIC  PABAMETXBS — ADSOBPTION 

Adsorption  of  pesticides  to  soil  colloid  sur¬ 
faces  has  a  major  effect  on  the  transport 
process  and  bloavailablllty.  Accordingly,  Its 
importance  has  prompted  many  reviews  (1- 
6) ,  which  should  be  consulted  for  a  more  de¬ 
tailed  inquiry. 

Adsorption  reduces  the  concentration  of 
a  pesticide  In  solution.  The  resulting  relative 
distribution  between  the  adsewbed  and  solu¬ 
tion  phases  depends  on  factors  such  as:  the 
chemical  parameters  of  the  pesticide  mole¬ 
cule  (Including  pK>  m-  pKk,  size,  shape,  con¬ 
figuration.  water  solubility,  and  polarity); 
the  soil  properties  (Including  the  amount 
and  type  of  clay  and  organic  matter,  surface 
area,  soil  structure,  and  soil  pH);  and  soil 
temperature,  water  content,  and  salt  concen¬ 
tration.  Soli  organic  matter  content  Is  proba¬ 
bly  the  most  Important  single  soil  variant 
for  nonlonlc  pesticides. 

Adsorption  Model.  The  pesticide  distribu¬ 
tion  represents  a  dynamic  equilibration  be¬ 
tween  adsorbed  and  solution  (or  desorbed) 
phases.  The  kinetics  of  these  opposing  reac¬ 
tions  become  important  in  modeling  a  leach¬ 
ing  situation.  Desorption  may  exhibit  hys¬ 
teresis,  that  is.  a  slower  rate  of  release  than 
that  of  adsorption,  and  some  apparent  irre¬ 
versibility. 

Adsorption  equilibria  have  generally  been 
described  by  the  empirical  Fretmdlich  equa¬ 
tion: 

C,  =  KC,l'»  (1) 

or  lnC,  =  lnK+llnC^  (2) 

or  Iogi/Tn  =  log  Jr  +  -^logCe  (3) 

where  C,  is  the  amount  (x)  of  adsorbed 
pesticide  per  unit  amount  of  adsorbent  (m) ; 
C^—Cg  Is  the  equilibrium  solution  concen¬ 
tration  of  the  pesticide;  and  K  and  n  are 
constants.  The  Freundlich  adsorption  coeffi¬ 
cient,  K,  can  be  obtained  by  plotting  log 
I/m  versus  log  Cg,  yielding  a  linear  curve  of 
slope  l/n.  The  units  of  z/m  and  Cg  are  often 
In  ng/g  and  ng/ml,  respectively.  When  Cg  Is 
1  ppm  (1  ag/ml),  the  corresponding  value 
of  log  z/m  Is  equal  to  log  K.  Deviation  of 
the  value  of  n  from  Z.  a  common  observation, 
reflects  the  nonlinearity  -of  the  adsorption 
process.  If  n  were  I,  the  K  would  be  Identical 
with  the  partition  coefficient. 

Adsorption  Techniques.  The  typical  meth¬ 
od  of  conducting  soil-pesticide  adsorption 
studies  Is  by  the  "batch"  or  “slurry"  tech¬ 
nique,  such  as  that  described  by  Weber  (7). 
Air-dry  soil  is  shaken  with  an  aqueous  pes¬ 
ticide  solution  until  equilibrium  is  attained 
In  the  final  solution  ooncentratlon.  This  is 


measured  by  analyzing  the  supernatant  after 
centrifugation.  If  degradation  of  the  pes¬ 
ticide  does  not  occur  during  this  time,  direct 
measurement  of  total  radioactivity  is  usually 
the  most  convenient  and  accurate  analytical 
procedure.  To  obtain  the  adsorption  iso¬ 
therm,  a  series  of  pesticide  solutions  are 
equilibrated  with  soil  at  constant  tempera¬ 
ture,  and  the  amount  of  pesticide  adsorbed 
Is  plotted  as  a  function  of  equilibrium  pes¬ 
ticide  concentration. 

Other  methods  used  for  adsorption  studies 
have  Included  continuous-flow  equilibrium 
techniques  (S-IO)  and  a  dialysis  tachniqiis 
(11)  in  which  the  soil  suspension  was  kept 
within  dialysis  tubing  to  retain  lower  mo¬ 
lecular  weight  fractions  (which  would  not  be 
sedimented  by  centrifugation). 

The  adsorption  coefficient,  X,  is  commonly 
reported  on  a  whole  soil  basis.  Hamaker  and 
Thompson  (3)  have  compiled  such  data  from 
many  Investl^tions;  the  results  for  indlvia- 
ual  pesticides  have  great  variation,  reflect¬ 
ing  In  part  the  various  soils  and  experimental 
conditions.  Distribution  constants  ranged 
from  O,  for  dicamba,  to  14.(X)0,  for  DDT.  One 
method  for  standardizing  adsorption  data  Is 
based  on  the  high  correlation  of  adsorption 
with  soil  organic  matter  content.  Thus  the 
Freundlich  K,  divided  by  the  percent  soil  or¬ 
ganic  matter  content,  yields  9,  a  value  ex¬ 
pressing  the  Ag  of  pesticide  adsorbed  per 
gram  of  organic  matter.  Some  authors  (J) 
prefer  the  expression  l.e..  adsorption 

based  on  organic  carbon  content,  since  this 
quantity  is  determined  without  the  addi¬ 
tional  conversion  factor  (commonly  1.724) 
needed  to  derive  soil  organic  matter  content. 

Relationships  Between  Adsorption  and 
Pesticide  Behavior.  Osgerby  (12)  has  at¬ 
tempted  to  model  the  availability  of  herbi¬ 
cides  for  plant  root  uptake.  Of  more  direct 
environmental  concern  Is  the  relationship 
between  adsorption  and  leaching.  This  Is 
discussed  in  part  In  the  protocol  describing 
laboratory  leaching  tests.  Guth  (13)  plotted 
the  penetration  depth  of  several  trlazlne  and 
phenylurea  herbicides  against  their  K  value 
and  obtained  a  good  correlation  between 
these  two  parameters.  He  concluded  that  on 
addition  of  20  cm  “rainfall"  to  soil  columns, 
pesticides  whose  K  was  greater  than  20  would 
remain  In  the  upper  2 -cm  zone,  whereas 
those  whose  K  was  less  than  1  would  leach 
deeper  than  30  cm.  Decreasing  soil  pH  tends 
to  Increase  adsorption  (and  decrease 
leaching)  for  lonlzable  and  polarizable 
compounds. 

Adsorption  coefficients.  In  addition  to  hav¬ 
ing  merit  In  the  prediction  of  pesticide 
mobility,  may  also  be  useful  In  estimating 
volatilization  losses.  This  is  discussed  more 
fully  In  the  protocol  on  volatilization. 

PKOTOOOI.  FOB  ADSORPTION  TESTS 

Soils.  Reference  soils  should  be  used  If 
available.  The  same  soils  used  In  laborato^ 
leaching  tests  are  logical  choices  for  adsorp¬ 
tion  measurements.  Use  a  minimum  of  4 
soils,  encompassing  a  range  of  soil  organic 
matter  contents  and  textural  characteristics. 
Soli  pH  should  be  In  the  range  of  4.5  to  7.5. 
If  the  pesticide  structure  and  physical  prop¬ 
erties  suggest  its  adsorption  will  be  pH- 
dependent.  testing  should  Include  a  fairly 
acidic  soil  as  well  as  a  soil  of  neutrai-to- 
sllghtly  alkaline  pH.  If  anticipated  use  war¬ 
rants,  a  muck  should  also  be  tested. 

In  the  absence  of  reference  soils,  those 
from  regions  of  major  pesticide  use.  Includ¬ 
ing  those  soils  available  for  field  plot  testing, 
would  be  logical  somces. 

Apparatus.  Apparatus  Includes  a  high¬ 
speed  centrifuge,  shaker  (preferably  In  a 
water  bath  unless  ambient  temperatime  Is 
relattvMy  constant  and  near  25*C>,  and  ap¬ 
propriate  sample  containers.  For  nonanlonlc 
pesticides,  glasB  containers  are  preferred.  Be¬ 
cause  anions  may  adsorb  to  glass  tax  slgnlfl- 
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cant  amounts,  polypropylene  containers  are 
preferable  for  these.  Other  details  of  con¬ 
tainer  design  are  not  critical,  except  that  the 
liners  of  screw  caps  should  be  Teflon.  Test 
tubes  with  screw  caps  are  convenient  since 
they  may  be  centrifuged  directly,  using  an 
appropriate  rubber  adapter,  and  eliminate  a 
transfer  step. 

Method.  This  protocol  is  based  on  the  batch 
method.  Additional  methods  and  related  de¬ 
tails  may  be  found  in  the  references  cited. 

1.  Soil  preparation.  Solis  are  sieved  at  less 
than  500  nm  to  remove  stones  and  large  plant 
fragments  and  coarse  sand  (600-2,000  iim). 
Although  unlikely  to  directly  contribute  to 
adsorption,  this  quantity  can  be  weighed  and 
later  accounted  for  when  adsorption  is  deter¬ 
mined  on  a  whole  soil  basis.  Soil  characteris¬ 
tics  (as  discussed  in  the  laboratory  leaching 
protocol)  should  be  reported  here  or  else¬ 
where  in  the  registration  application.  The 
water  content  of  each  air-dry  soil  should  be 
measured  by  driring  subsamples,  at  llO’C,  to 
constant  weight. 

2.  Pesticide  solutions.  Use  at  least  3  con¬ 
centrations,  0.1,  1,  and  10  ppm  (If  solubility 
p>ermits),  in  aqueous  0.01  N  CaSO,  solution. 
The  pesticide  should  be  unformulated.  In 
addition,  a  blank  solution  (0.01  N  CaSO^ 
only)  shovild  be  Included  for  each  soil.  In¬ 
clusion  of  a  reference  chemical  whose  adsorp¬ 
tion  coefficient  is  similar  to  the  pesticide 
being  tested  is  advisable. 

3.  Procedure.  Use  a  ratio  of  4  solution:! 
soil,  with  the  soil  weight  based  on  oven-dry 
weight  (but  do  not  use  previously  oven-dried 
soil).  For  example,  10  ml  solution  added  to 
2.5  g  soil  may  be  a  convenient  amount.  Im¬ 
mediately  after  addition  of  the  solution, 
agitate  the  container  vigorously  by  using,  for 
example,  a  vortex  mixer.  Subsequently,  shak¬ 
ing  is  continued  at  a  sufficient  rate  to  keep 
the  soil  in  suspension.  The  adsorption  experi¬ 
ment  should  be  run  at  26*C,  so  a  shaker 
water  bath  may  be  desirable.  Each  run 
should  be  duplicated,  with  additional  re¬ 
plicates  as  needed  for  reliability  of  the  data. 
EquUibratlon  should  be  for  24  hr  unless  the 
chemical  degrades  rapidly.  In  such  cases,  only 
2-4  hr  may  be  needed,  with  possible  amdysis 
of  both  soil  and  equilibrium  solution  to 
verify  the  amounts  of  parent  and  breakdown 
products.  After  the  period  of  equilibration, 
suspensions  are  centrifuged  at  high  speed 
and  an  allquot(s)  carefully  removed  for 
analysis.  Direct  analysis  of  carbon  14  pesti¬ 
cides,  by  liquid  scintillation  techniques,  is 
very  convenient,  but  other  cqjpropriate 
methods  may  be  used. 

4.  Data  presentation.  Average  values  of  the 
adsorbed  pesticide,  x/m,  should  be  plotted 
as  a  function  of  equilibrium  concentration, 

according  to  Equation  3.  C,  is  obtained 
directly  in  iig/ml  (or  ppm)  from  the  solu¬ 
tion  analysis.  The  amount  of  pesticide 
adsorbed  per  gram  of  soil,  x,  is  obtained  by: 

_  (Co-Ce)V 

m  (4) 

where  Co  is  the  starting  concentration 
(iig/ml),  V  is  the  solution  volume  (ml), 
and  m  is  the  soil  weight  (g) ,  The  Preundllch 
constant,  K,  and  the  constant  n  can  be  eval¬ 
uated  from  the  adsorption  isotherm.  At 
Ce=l  fig /ml,  the  corresponding  value  of  x/m 
should  be  reported  as  K.  The  adsorption  co¬ 
efficient  may  additionally  be  reported  as  Q 
or  Koc  by  the  equations: 

EXIOO 

%  soil  organic  matter  (6) 

or 

KXlOO 

%  soil  organic  carbon  (6) 

The  final  tabulation  of  data  should  therefore, 
include  K,  1/n,  and  Q  or  K,,  (if  determined) 
for  the  pesticide  in  each  sc^.  Reference  chem¬ 
ical  data  is  included  as  well. 


5.  Desorptive  studies.  Experiments  should 
also  be  carried  out  to  study  the  desorption  of 
pesticides.  Studies  could  be  accomplished  by 
adding  water  to  soil  containing  absorbed 
pesticides,  equilibrating,  and  then  analyzing 
the  concentration  of  pesticide  in  solution. 
The  desorption  data  may  also  be  treated  by 
the  Freundllch  Isotherm. 

6.  Optional  experiments.  Basic  studies  <m 
adsorption  could  be  expanded,  but  are  not  re¬ 
quired,  to  Include  other  temperatures,  addi¬ 
tional  soils  (especially  where  soil  pH  varies 
or  is  modlfled),  time  to  reach  equilibrium, 
and  additional  reference  compounds.  A 
broader  concentration  range  may  be  used  in 
better  defining  the  adsorption  isotherm.  Giles 
(14)  offers  usefvU  information  on  interpre¬ 
tation  of  adsorption  mechanisms  beised  on 
the  shape  of  the  isotherm. 
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HTOXOLTSIS  STUDIES 

Organic  pesticides  may  enter  natural 
waters  via  such  routes  as  direct  applications 
to  control  aquatic  weeds,  trash  fish  and  aqua¬ 
tic  Insects;  leaching  and  runoff  from  agri¬ 
cultural  lands;  drift  frmn  aerial  and  ground 


applications;  discharge  of  waste  waters  from 
manufacturing  plants;  and  discharge  of  waste 
waters  from  cleanup  of  equipment  used  for 
pesticide  formulations  and  application.  Thus, 
a  knowledge  about  the  mobility  and  degra¬ 
dation  of  pesticides  in  aquatic  environments 
is  necessary  because  it  has  a  direct  bearing 
on  their  persistence  in  waters  and  soils.  Pes¬ 
ticide  hydrolysis  data  will  be  helpfiU  in  un¬ 
derstanding  pesticide  degradation  in  water; 
the  impact  on  the  choice  of  formulation  tech¬ 
nology,  transportatlcm  and  storage  proce¬ 
dures;  and  pesticide  disposal  (1-3). 

The  following  is  a  suggested  protocol  for 
the  study  of  chemical  hydrolysis  of  pesticides 
in  aqueous  environments. 

Materials  and  Methods,  A  radiolabeled 
preparation  is  a  preferred  way  of  studying 
the  hydrolysis  of  pesticides.  The  position  of 
the  radiolabel  must  allow  detection  of  the 
hydrolysis  products.  In  such  cases,  the  iden¬ 
tification  of  hydrolysis  products,  disappear¬ 
ance  of  the  parent  pesticide  and  appear¬ 
ance  or  disappearance  rates  of  the  hydrolysis 
products  can  be  readily  determined  through 
thin-layer  chromatography  (TLC),  TLC-ra- 
dloautography,  liquid  scintillation  counting 
(LSC)  and  related  radiotracer  methodologies. 

Hydrolysis  studies  can  also  be  conducted 
using  nonradioactlve  compounds.  If  a  non- 
radloactlve  pesticide  Is  used,  the  rate  and 
extent  of  Its  disappearance  in  an  aqueous 
system  may  be  determined  by  appropriate 
analytical  procedures,  such  as  gas  liquid 
chromatography  (GLC),  spectrophotometric 
determinations,  etc. 

Hydrolysis  experiments  will  be  conducted 
at  constant  temperature  in  darkness.  An  ini¬ 
tial  range-finder  probe  may  be  run  to  choose 
appropriate  time  Intervals  for  the  final  ex¬ 
periment.  At  least  4  sampling  times,  with 
at  least  one  observation  made  after  half  of 
the  parent  pesticide  is  hydrolyzed,  are  recom¬ 
mended. 

Temperatures. — Three  temperatures  should 
be  used:  26*C  (77'F),  35"C  (96*F)  and  46°C 
(113°F).  A  certain  degree  of  extrapolation  of 
the  rates  obtained  at  26*,  35*  and  46*C  is 
possible.  If  very  little  or  no  hydrolysis  occurs 
at  45  ”C,  experiments  may  be  carried  out  at 
higher  temperatures. 

Concentration  of  the  Parent  Pesticide. 
Two  concentrations  are  recommended.  The 
higher  concentration  to  be  used  depends 
upon  the  limits  of  pesticide  water-solubility 
and  the  lower  concentration  used  based  on 
the  sensitivity  of  the  analytical  method  to 
detect  the  parent  pesticide  and/or  its  hy¬ 
drolysis  product  (s).  In  any  event,  the  higher 
concentration  should  not  exceed  250  ppm. 
The  lower  concentration  should  be  approxi¬ 
mately  tio  that  of  the  higher  concentration. 
The  Inclusion  of  2  concentrations  in  this 
protocol  will  lend  support  to  the  assumption 
that,  under  the  present  experimental  param¬ 
eters,  first-order  kinetics  describe  the  hy¬ 
drolysis  reaction. 

pH  Values.  Three  pH  values  will  be  studied: 
3,  6  and  9.  The  pH  measurements  on  49  dif¬ 
ferent  soils  demonstrated  that  this  range 
would  include  a  majority  of  agriculturally 
important  soils.  The  pH  and  ionic  strength 
of  the  reaction  solution  should  be  main¬ 
tained  by  the  use  of  suitable  buffers.  (4), 

Experimental  Procedures.  All  solutions 
should  be  incubated  at  the  desired  tempera¬ 
tures  in  sterile  sealed  glass  containers  for 
appropriate  times  in  darkness.  For  analysis, 
each  solution  should  be  extracted  with  ap¬ 
propriate  organic  solvents,  if  required,  and 
the  qualitative  and  quantitative  determina¬ 
tions  on  the  parent  pesticide  and/or  its  hy¬ 
drolysis  products  should  be  performed  using 
appropriate  analytical  procedures.  Each  ex¬ 
perimental  point  should  be  studied  in 
duplicate. 
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Calculations  and  Discussion.  The  hydroly¬ 
sis  data  should  be  treated  with  simple  first- 
order  kinetics,  and  the  rate  constant  and 
half-life  should  be  calculated  (5).  The  ac¬ 
tivation  energy  of  the  process  should  be  de¬ 
termined  from  the  temperature  dependence 
of  the  rate  constant.  In  cases  where  the  first- 
order  rate  law  is  not  applicable,  the  hydroly¬ 
sis  data  should  be  treated  with  the  second- 
order  or  other  kinetic  scheme.  A  study  by 
Gomma  et  al.  is  one  example  of  the  presenta¬ 
tion  of  hydrolysis  data. 
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PHOTOCHEMICAL  STUDIES 

The  action  of  sunlight  may  destroy  or 
chemically  alter  pesticides  in  the  envlrcm- 
ment.  The  rate  of  breakdown  and  the  po¬ 
tential  of  the  products  to  contaminate  the 
environment  influence  the  usefulness  of  the 
parent  compound.  Environmental  photo¬ 
chemistry  is  complicated  by  the  passible  in¬ 
teraction  of  the  reacting  molecule  with  many 
environmental  components.  Laboratory  ex¬ 
periments  are  necessary  to  obtain  compara¬ 
tive  data  under  standardized  conditions  and 
to  understand  the  effect  of  factors  that 
might  modify  the  rates  and  products  of  re¬ 
action. 

General  Procedures.  The  enumeration 
below  lists  the  stages  of  a  model  photochemi¬ 
cal  investigation.  States  1  through  6  indicate 
general  procedures  suitable  for  an  investiga¬ 
tion  of  solution  phase  photolysis. 

1.  Measurement  of  the  absorption  spec¬ 
trum  of  the  unknown  compound  to  identify 
the  spectral  regions  that  might  cause  photo¬ 
chemical  change. 

2.  Selection  of  light  source,  wavelength 
range  and  iqiparatus  for  irradiation. 

3.  Choice  of  solvent  and  concentration  of 
the  reactant. 

4.  Irradiation  of  the  mixture,  with  periodic 
sampling,  to  measure  rate  of  disappearance 
of  the  starting  material  and  observe  the  ap¬ 
pearance  of  products. 

6.  Quantitative  and  qualitative  analysis  of 
products  after  a  selected  period.  Identifica¬ 
tion  of  unknown  compounds. 

6.  Study  of  modifying  factors;  for  example, 
effect  of  physical  state,  effect  of  triplet  and 
other  sensitizers,  effect  of  oxygen,  effect  of 
pH  and  solvent,  effect  of  adsorption  on  soil 
or  silica. 

Applicable  Theory.  There  are  2  funda¬ 
mental  laws  of  photochemis^;  The  first  is 
the  Orotthus-Draper  law  which  states  that 
only  the  light  absorbed  by  a  molecule  is  re¬ 
sponsible  for  reaction.  The  second  is  the 
Stark-Elnsteln  law  which  states  that  the  ab¬ 
sorption  of  light  by  a  molecule  is  a  one- 
quantum  process,  so  that  the  sum  of  the 
primary  quantum  yields,  must  be  unity  (I). 

Elaborate  experimental  techniques  are 
necessary  for  tbe  investigation  of  quantum 
yields.  The  area  that  has  received  major  at¬ 


tention  from  the  theoretical  standpoint  is 
that  of  atmospheric  photochemistry,  where 
consideration  can  be  given  to  tbe  reactions 
of  low  concentrations  of  organic  molecules 
in  the  vapor  phase  (2).  Quantum  yield 
measurements  of  organomercurlal  com¬ 
pounds  in  water  lead  to  predictions  of  reac¬ 
tion  rate  in  reasonable  agreement  with  those 
determined  environmentally  in  natural 
waters  (3). 

In  the  environment,  “sensitized”  processes 
may  be  important.  In  such  a  case,  light  is 
absorbed  by  a  “sensitizer"  molecule  which 
adopts  an  excited  electronic  configuration. 
This  excited  electronic  state  possesses  a  rela¬ 
tively  long  life  time  during  which  the  mole¬ 
cule  can  transfer  energy  to  a  molecule  of 
another  species  which  does  not  absorb  light 
in  the  same  region  as  the  sensitizer  molecule. 
Thus,  a  molecule  which  does  not  absorb  light 
in  the  visible  region  of  the  spectrum  may 
undergo  reaction  in  the  presenoe  of  a  sensi¬ 
tizer  absorbing  at  longer  wavelengths  (4-7). 

Rates  of  photochemical  reaction  are  not 
usually  influenced  by  temperature  to  any 
appreciable  extent;  however,  the  study  of 
rate  of  photolysis  is  complicated  by  the  for¬ 
mation  of  photoproducts.  These  absorb  light 
in  competition  with  starting  material.  It 
is  therefore  more  meaningful  to  measure 
rates  of  disappearance  until  not  more  than 
20  percent  of  the  starting  material  has  been 
consumed  and  to  use  low  concentrations. 
At  high  concentrations  polymeric  materials 
may  be  formed.  Concentrations  to  be  ex¬ 
pected  in  tho  environment  will  be  low  (10-« 
to  lO'V):  therefore,  studies  at  low  concen¬ 
trations  will  provide  more  relevant  informa¬ 
tion.  Disappearance  rates  of  organic  com¬ 
pounds  as  a  result  of  photolysis  in  very  dilute 
aqueous  solution  can  be  represented  by  a 
first-order  rate  law. 

Influence  of  Environmental  Factors.  Water 
is  the  predominant  solvent  for  the  study  of 
photochemical  reactions  in  the  environment. 
Organic  solvents  frequently  used  for  photo¬ 
chemical  studies  include  methanol,  acetone, 
benzene,  isopropanol,  hexane,  acetic  acid, 
ethyl  acetate,  and  cyclohexane.  The  ability 
of  some  of  these  solvents  to  transmit  light  of 
shorter  wavelengths  is  limited.  Methanol  or 
hexane,  however,  are  examples  of  solvents 
which  transmit  an  appreciable  amount  of 
energy  at  220  nm. 

Benzene  and  acetone  absorb  light  and  are 
capable  of  acting  as  sensitizers.  The  presence 
of  acetone  in  aqueous  solutions  may  be  suffi¬ 
cient  to  cause  photosensitized  reaction  of 
other  molecular  species  (8,  9).  The  presence 
of  sensitizers  in  “natural"  waters  has  long 
been  suspected  and  there  is  increasing  evi¬ 
dence  that,  cd  though  some  photochemical 
reactions  do  not  occur  In  distilled  water, 
photoproducts  may  be  obtained  in  “natural” 
water  as  a  consequence  of  sensitized  reac¬ 
tion  (10). 

Solvents  do  not  merely  serve  to  dilute  the 
reacting  species.  Many  can  participate  in  the 
photochemical  reaction.  Irradiation  of 
o-chlorobenzoic  acid  proceeds  by  the  forma¬ 
tion  of  a  radical  or  excited  species  which 
reacts  with  the  solvent.  In  methanol,  this 
radical  abstracts  a  hydrogen  atom  and  ben¬ 
zoic  acid  is  the  major  product.  Methanol, 
isopropanol,  hexane,  and  a  number  of  related 
solvents  function  as  hydrogen  donors.  By 
contrast,  benzene  forms  a  new  carbon-car¬ 
bon  bond  and  photolysis  of  o-chlorobenzolc 
acid  in  benzene  gives  o-phenylbenzolc  acid 
ill). 

In  addition  to  the  Influence  of  solvent, 
the  presence  or  absence  of  oxygen  also  In¬ 
fluences  the  course  and  products  of  reaction. 
In  practice,  the  total  exclusion  of  oxygen  re¬ 
quires  rigorous  procedures  that  are  rarely 
adopted  (I),  but,  by  bubbling  oxygen-free 
nitrogen  through  the  solution,  the  effect  of 
anaerobic  conditions  can  be  studied.  Oxygen 


adds  to  radical  sites  and  competes  with  other 
reagents  for  these  sites.  Comparison  of  the 
photolysis  of  DDT  and  DDE  under  oxygen 
and  nitrogen  shows  that'  photo-oxidation 
reactions  predominate  in  the  former  ca?e 
(12) .  Oxygen  Is  Itself  a  dlradlcal  and,  in  light, 
it  is  capable  of  reacting  with  other  systems, 
energy  transfer  to  oxldizable  subtrates.  direct 
free-radical  reactions  or  excitation  to  an 
activated  species  (13). 

Photochemical  studies  of  pesticides  have 
been  performed  on  thin  layers  of  pure  ma¬ 
terial  deposited  on  glass  plates,  on  silica-gel 
coated  glass  plates  or  on  thin  layers  of  soil. 
There  are  few  reported  studies  of  photolysis 
on  soil,  but  the  rate  of  photolysis  appears  to 
be  slower  than  that  on  silica  imder  com¬ 
parable  conditions  (14). 

Photolysis  has  been  done  on  sUlca-gel 
coated  plates  and  the  products  have  been 
subsequently  examined  by  thin -layer  chro¬ 
matography.  However,  changes  In  abaorpUoa 
spectra  have  occurred  In  pesticides  deposited 
on  sUlca-gel  (15).  Such  spectral  changes  are 
a  general  phenomenon  and  depend  on  tbe 
nature  of  the  compound  (14).  SUlca  is  an 
acidic  polar  medium.  It  interacts  wlQi  or¬ 
ganic  compoimds  through  hydrogen  bonding 
and  dipole-dipole  forces.  Soils  and  clays 
might  be  expected  to  exhibit  weaker  inter¬ 
actions,  if  any,  and  there  is  little  informa¬ 
tion  on  the  spectral  changes  to  be  antici¬ 
pated  when  pesticides  are  d^iosited  on  soU. 
clay  or  other  surfaces.  Therefore,  the  exten¬ 
sion  of  photochemical  information  obtained 
by  studies  on  silica-gel  coated  plates  to  en¬ 
vironmental  BitvuiUons  should  be  carefully 
interpreted. 

Experimental  Techniques.  Although  the 
argument  may  be  raised  as  to  tbe  value  of 
“model”  or  laboratory  photochemical  experi¬ 
ments  in  providing  a  guide  to  environmental 
behavior,  valuable  Informatkm  may  be  ob¬ 
tained  using  a  Klatlvely  limited  range  of 
conditions.  Environmental  samples  are  ex¬ 
posed  to  light  luider  a  wide  variety  of  condi¬ 
tions;  absorbed  on  dust;  as  s<Hlds  on  foUaga 
or  soil;  dissolved  in  watm^  dissolved  in  or¬ 
ganic  films  on  water  siu-faces;  in  the  vapor 
phase,  etc.  Studies  of  photochemical  be¬ 
havior  under  such  a  variety  of  conditions 
would  be  Impractical.  Discussion  of  environ¬ 
mental  Influences  requires  basic  information 
that  can  only  be  obtained  in  controlled  ex¬ 
periments. 

Photolysis  of  pesticides  has  been  investi¬ 
gated  In  vapor,  solutimi  and  soHd  phases. 
Descriptions  ot  experiments  on  vapor-phase 
photolysis  ot  pesticides  are  limited  in  num¬ 
ber  (17,  18).  Discussion  has  therefore  been 
limited  to  photolysis  of  solids  and  solutions. 

Natural  sunlight  and  artificial  light  sources 
have  been  used  for  the  study  of  photochem¬ 
ical  reactions.  The  value  of  experiments  In 
sunlight  is  that  the  reactions  observed  are 
those  that  may  be  expected  to  occur  in  the 
environment.  Unfortunately  sunlight  is  ex¬ 
tremely  variable.  Wavelengths  and  intensi¬ 
ties  depend  on  latitude,  climate,  horizon 
geometiy,  near  ground  distribution  of  aeroeol 
and  gaseous  pollutants  and  many  other  fac¬ 
tors.  Thus  it  is  difficult  to  ensure  the  re¬ 
producibility  of  experiments  performed  In 
natural  sunlight,  and  artificial  mmwM  are 
necessary  to  standardize  oondltiona 
measure  rates  of  reaction.  If  studies  am  per¬ 
formed  in  natural  sunlight.  It  is  usual  to 
carry  out  parallel  experiments  with  artificial 
light  sources  for  purposes  of  comparison, 
control  and  precise  rsconllng  of  experimental 
variables.  Arc  lamps  and  fiuoresoent  lamps 
are  preferred  somoes  for  photochemical  ex¬ 
periments  since  they  are  good  sources  of 
ultraviolet  radiation. 

Tbe  mercury  arc  is  one  at  the  most  fre¬ 
quently  used  artificial  light  source  for  photo¬ 
chemical  experiments.  There  are  3  types  of 
mercury  arc:  low-pressure,  medium-pressure 
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and  high-pressure.  The  light  from  the  low- 
pressure  or  “resonance"  lamps  Is  rich  in  253.7 
urn  radiation  (also  in  184.8  nm  radiation  if 
a  “suprasil"  quartz  envelope  is  uaed).  They 
require  no  special  cooling  and  are  often  used 
for  photochemical  research.  The  medlxun- 
pressure  mercury  arc  is  a  mme  convenient 
fcource  of  wavelengths  above  260  nm 

Protocol  for  an  Environmental  Study.  Rate 
studies  should  be  conducted  initially  at  a 
c  oncentratlon  m  the  range  of  5  ppm  (or  low¬ 
er)  in  distilled  water  at  25°  C.  The  use  of 
radioactive  material  may  facilitate  the  in¬ 
vestigation  of  photoproducts.  Periodic  sam- 
f  liirg  should  be  carried  out  from  zero  time 
in  order  to  measure  the  rate  of  disappear¬ 
ance  of  the  parent  compound  and  decay  of 
major  photoproducts.  Conditions  should  be 
essentially  aerobic,  i.e..  excess  oxygen  should 
be  present  during  the  irradiation.  (It  may  be 
necessary  to  bubble  air  through  the  liquid.) 
An  estimate  of  the  material  balance  at  the 
ccnnpletlon  of  the  experiment  will  Indicate 
whether  loss  of  volatile  material  has  oc- 
cxired.  It  may  be  necessary  to  trap  volatile 
products  for  identification,  if  these  repre¬ 
sent  a  significant  proportion  of  the  photo¬ 
products. 

Boroeillcate  vessels  are  adequate  for  these 
studies.  A  reactor,  such  as  the  Rayonet  photo¬ 
chemical  reactor,  permits  the  exposure  of 
several  tut>es  tmder  uniform  conditions  of 
illumination.  Alternatively,  reaction  vessels 
utilizing  light  sources  housed  in  a  cooled  well 
may  be  used  (19).  The  ability  of  glassware  to 
transmit  light  varies  from  batch  to  batch. 
Pot  calibration  of  the  performance  of  light 
sources  and  glassware  a  chemical  actinometer 
is  recommended. 

The  photolysis  should  be  continued  until 
sufficient  data  points  are  obtained  to  indicate 
the  half-life  of  the  parent  compound.  In 
each  experimental  design  a  reference  sub¬ 
stance  should  be  included  to  obtain  a  rela¬ 
tive  indication  of  half-lives  under  similar 
conditions  of  illumination. 

Studies  should  be  carried  out  in  the 
laboratory  under  controlled  ccmdltlons  us¬ 
ing  an  artificial  light  source  emitting  wave¬ 
lengths  greater  than  280  nm,  a  source  equiv¬ 
alent  to  natural  sunlight,  or  in  natvu^l  stm- 
llght.  Efforts  shotUd  be  made  to  identify  or 
characterize  products  that  do  not  appear  to 
be  of  transitory  nature. 

Since  differences  in  products  and  reaction 
rates  may  be  observed  between  sensitized 
and  unsensitized  photochemical  reactions 
(20),  experiments  should  also  be  perfczmed 
using  distilled  water  containing  2  percent 
acetone.  Acetone  is  a  triplet  sensitize  and 
may  mimic  the  sensitizing  effect  of  (un¬ 
known)  dissolved  substances  present  in 
natural  waters  which  are  also  capable  of 
sensitizing  the  reaction.  Studies  a  high  and 
low  pH  in  btiffered  aqueous  solution  may  also 
be  required  to  provide  further  information  on 
stability  to  light. 

Since  the  quantities  of  material  obtained 
In  the  rate  study  may  be  inadequate,  product 
identification  may  be  accomplished  in  paral¬ 
lel  experiments.  Changes  in  experimental 
conditions,  such  as  wavelength  of  light  and 
concentration  of  starting  material,  will  in¬ 
fluence  the  cotu^  of  the  photochemical  re¬ 
action.  However,  such  changes  may  affOTd 
improved  yields  of  photoproducts  for  struc¬ 
tural  studies.  The  objective  of  parallel  ex¬ 
periments  is  primarily  the  identification  of 
photochemical  products  observed  in  the 
covirse  of  the  rate  study. 

Additional  photochemical  studies  on  silica- 
gel  or  soil  coated  thin-layer  glass  plates  are 
ootlonal  and  may  be  carried  out  for  a  par¬ 
ticular  compound,  if  desirable.  Caution 
should  be  exercised  in  interpreting  these 
cata. 
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UUSOXATOET  LKACHINO  STUDIES 

Leaching  of  pesticides  Implies  the  move¬ 
ment  of  these  chemicals  through  soil,  usually 
by  a  mass  tranqiort  process.  Tlie  depth  and 


concentration  of  a  pesticide  within  the  up¬ 
per  20  cm  has  particular  implication  for 
pesticide  efficacy.  Of  greater  environmental 
concern,  however,  is  the  possibility  of  move¬ 
ment  to  and  contamination  of  groundwater 
or  drainage  effluent. 

Degradation,  which  occurs  simultaneously 
with  movement,  will  attenuate  leaching, 
although  this  is  rarely  studied  as  a  simul¬ 
taneous  process  {1-4).  Other  Important 
factors  affecting  pesticide  movement  are  ad¬ 
sorption,  net  water  infiltration,  fiow  rate,  dif¬ 
fusion  and  dispersion,  and  pesticide  solubil¬ 
ity  (5-7) .  Adsorption  is  perhaps  the  dominant 
factor.  Increased  pesticide  adsorption  has 
been  correlated  with  reduced  leaching  (6). 

No  laboratory  study  can.  In  Itself,  abso¬ 
lutely  predict  leaching;  however,  laboratory 
leaching  tests  should  provide  a  quantitative 
or  semlquantitatlve  index  of  the  inherent 
mobility  of  pesticides  within  the  soil. 

Basic  Laboratory  Techniques.  The  two 
basic  techniques  for  direct  leaching  meas- 
urement  are  soil  TLC  and  soil  columns. 

Soil  TLC.  Soil  thin-layer  chromatogriqihy 
As  with  soil  columns,  it  has  a  fundamental 
analogy  in  conventional  chromatography.  Un¬ 
like  columns,  however,  extensive  basic  re¬ 
search  on  water  movement  relationships  has 
not  been  conducted  in  soil  TLC  systems. 
Helling  (9)  has  shown,  however,  that  water 
moves  up  a  soil  TLC  plate  by  unsaturated 
flow  and  that  the  advancing  waterfront  de¬ 
creases  in  speed  as  a  linear  function  of  the 
distance  squared.  Both  characteristics  are 
typical  of  "normal"  soil  relationships. 

Among  the  advantages  of  soil  TLC  are:  (1) 
Relative  simplicity,  in  terms  of  equipment 
and  techniques;  (2)  good  reproducibility  of 
soil  layer  characteristics  and  pesticide  mobil¬ 
ity  results;  (3)  direct  analysis  via  auto- 
radlognq>b,  radlochromatographlc  scanning, 
or  bloessay  for  a  continuous  profile  of  pesti¬ 
cide  movement  (when  leaching  has  con¬ 
cluded)  ;  (4)  ease  of  distinguishing  both  mass 
transfer  and  diffusion  components;  (6)  small 
requirements  In  amoimts  of  chemical  and 
soil,  and  In  lab  space;  (6)  use  of  multiple  iq>- 
pllcatlons  of  pesticides  on  a  single  TLC  plate; 
and  (7)  a  convenient  index  of  qucmtlfylng 
pesticide  leaching,  the  Rt  value,  or  move¬ 
ment  of  the  chemical  relative  to  the  distance 
infiltrated  by  water. 

The  disadvantages  of  soil  TLC  Include; 

(1)  Inability  to  ectsily  control  water  flux; 

(2)  less  satisfactory  adaption  to  volatile 
materials  such  as  fumigants  [although 
Nemagon  ®  and  other  diffusive  compounds 
have  been  studied  in  a  soil  TLC  system 
(10)  ];  (3)  a  more  homogeneous  soil  matrix 
than  occurs  in  nature  (although  disturlsed 
soil  columns,  as  used  In  virtually  all  labora¬ 
tory  tests  for  leaching  also  differ  from  na¬ 
ture.  as  shown  by  movement  of  Inorganic 
solutes  (II)  ];  and  (4)  less  satisfactory  adap¬ 
tion  to  long-term  leachlng/lncubation  ex¬ 
periments  (largely  because  pesticide  diffu¬ 
sion  often  becomes  quite  sl^ilflcant  In  the 
relatively  small  leached  zone) . 

Movement  In  soil  TLC  is  usufUly  measiued 
as  the  frontal  Rt  of  a  spot  or  streak,  with 
the  Rt  value  shown  to  be  Independent  of 
sample  size  (9).  For  comparison  of  mobility, 
a  scheme  of  5  mobility  classes  based  on  Rt 
In  a  standard  soil,  Hagerstown  silty  clay 
loam,  was  proposed  (8),  as  shown  In  Table  1. 


Table  l.—PesUcUettuMUtvdassifimlUmfwsog  TLC  plates 
(From;  refersnoe  8] 

Clan 

i  2  8  4  5 

R,  range . 0  to  0.00 . . 0.10  to  OM _ 0J5  to  0.M . OM  to  0A9 _ 0.90  to  1; 

De^ption....  Immobile _ Low.. Intwioodlata . Mobile.... _ Vwy  mobile: 
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This  mobility  olassiflcation  does  suffer  the 
disadvantage  of  being  linked  to  (me  i^>eclflc 
soil;  however,  classifying  a  pesticide  In  this 
scheme  based  on  the  soil  being  tested  should 
qualitatively  mdicate  leaching  behavior  in 
that  soli. 

There  Is  a  trend  toward  the  modeling  of 
pestcide  transport  In  the  environment.  The 
Input  related  to  leaching  may  be  presented 
In  part  either  by  adsorption  data,  such  as 
Freundllch  (M>nstants,  or  by  laboratory  leach¬ 
ing  data.  If  relationships  between  soil  TLC 
Rr  values  and  classical  adsorption  constants 
be(K>me  sufficiently  well  defined  (8,  10,  12- 
15),  either  source  may  be  useful  In  the  pre¬ 
dictions.  It  appears  that  soil  TLC  data  should 
refiect  more  factors  affecting  leaching  than 
adsorption,  and  therefore  may  be  a  better 
model  input.  Presently,  soil  TLC  data  are 
simpler  to  acquire  than  complete  adsorp¬ 
tion  data. 

Soil  Columns — Some  of  the  specific  advan¬ 
tages  of  soil  column  experiments  Include: 
(1)  Previous,  widespread  use  (a  questionable 
advantage,  given  the  variation  In  tech¬ 
nique);  (2)  fiexlblllty  In  design  (again,  not 
always  advantageous  from  the  standpoint  of 
standardizing  results);  (3)  ease  of  studying 
soil  water  relationships;  (4)  wide  choice  of 
application  method,  amount  and  formula¬ 
tion  of  applied  pesticide,  and  method  of 
analysis;  (5)  adaptability  tor  use  with  vola¬ 
tile  pesticides;  (6)  the  possibility  of  using 
intact  soil  cores  (very  rarely  done);  and  (7) 
the  ability  to  maintain  an  experiment  over  a 
long  time-span.  If  desirable. 

Disadvantages  of  columns  include:  (1) 
Difficulty  of  standardizing  (x>lumn  packing 
and  other  techniques;  (2)  some  awkwardness 
in  re<x>vering  the  cmlumn  soil  for  subsequent 
analysis  after  leaching  (the  use  of  seg¬ 
mented  (x>lumns  does  facilitate  this,  how¬ 
ever);  (3)  Inherent  dls<x>ntlnuous  analysis 
of  both  effluent  and  (xfiumn;  (4)  the  poten¬ 
tially  large  amounts  of  soil  and  chemical 
required;  (6)  the  large  laboratory  space  re¬ 
quired  for  extensive  testing;  (6)  the  inabil¬ 
ity  (normally)  of  replicating  or  numing  sev¬ 
eral  compounds  on  one  <x>lumn  during  one 
run;  and  (7)  lack  of  an  accepted  “yardstick" 
for  quantitatively  reporting  leaching  data. 

Protocol  for  Soil  TLC  Study.  Ihe  recom¬ 
mended  protocol  is  based  on  the  use  of  soli 
TLC,  l.e.,  leaching  of  pesticides  applied  to 
thin  soil  layers  by  an  ascending  chromato¬ 
graphic  technique.  A  brief  supplemental  dis¬ 
cussion  of  soli  column  methods  follows  the 
soil  TLC  protocol. 

Soils.  Use  a  minimum  of  4,  encompass¬ 
ing  a  range  of  soil  organic  matter  contents 
and  textmal  characteristics,  for  example, 
sand  (agricultural),  sandy  loam,  silt  loam, 
and  clay  or  clay  loam.  Organic  matter  con¬ 
tent  In  at  least  one  of  the  light  textured  soils 
should  not  excoed  1  percent.  Soli  pH  may 
range  from  4.5  to  7.5.  If  the  pesticide  is  acidic 
or  If  application  to  alkaline  soils  is  antici¬ 
pated,  at  least  one  soil  should  be  greater 
than  or  equal  to  pH  7.0.  If  anticipated  pesti¬ 
cide  use  warrants,  a  muck  should  also  be 
tested. 

If  referenco  soils  become  available,  these 
should  be  used.  In  their  absence,  soils  from 
regions  of  major  pesticide  use  are  reason¬ 
able  choices.  Soils  available  for  field  plot 
testing  would  be  logical  sources. 

Apparatus.  Standard  thin-layer  chromatog¬ 
raphy  apparatus  Is  preferable.  Including  20 
X  20  cm  glass  plates,  spreader  (preferably  vari¬ 
able  thickness) ,  chromatographic  developing 
tank,  etc.  A  satisfactory  variation  Is  the  Oel- 
man®  chromatography  apparatus  In  which 
soil  plates  are  developed  horizontally  iislng 
a  filter-paper  wick.  Since  pesticide  location 
Is  conveniently  determined  by  use  of  radio¬ 
isotopes.  either  no-screen  medical  X-ray  film 
or  a  TLC  radioactivity  scanner  is  advisable. 
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Method.  Additional  descriptions  of  the  soil 
TLC  method  appear  In  the  references  (8,  9, 
10.  14). 

1.  Soil  preparation.  Soils  are  prepared  by 
sieving  to  remove  stones,  (K>arser  sand  frac¬ 
tions,  and  large  plant  fragments.  If  crushing 
or  grinding  Is  Involved,  this  step  should 
reduce  soil  aggregate  size  but  not  create  more 
fine  particles  (silt  and  clay)  than  originally 
present.  Soils  that  are  classified  as  sand, 
loamy  sand,  sandy  loam,  sandy  clay  loam,  or 
sandy  clay  should  be  sieved  at  less  than  500 
nm.  In  general,  this  includes  soil  containing 
more  than  50  percent  sand.  Finer  textured 
soils  (loam,  silt  loam,  silty  clay,  etc.)  should 
be  sieved  at  less  than  250  nm.  This  removes 
the  coarse  (500-2,000  nm)  and  medium  (250- 
500  iim)  sand  fractions.  Earlier  testing  has 
shown  that  removal  of  a  portion  of  the  sand 

.  did  not  affect  pesticide  mobility  but  did  aid 
in  achlevmg  a  more  uniform  soli  layer.  In 
reporting  data,  specify  the  size  sieve  used. 
Also,  soil  characteristics  (soil  clay  and  or¬ 
ganic  carbon  contents,  soil  pH.  field  moisture 
capacity,  and  perhaps  other  properties) 
should  be  reported,  specifying  whether  the 
analyses  were  made  on  whole  soli  or  that 
sieved  at,  for  example,  250  am. 

2.  Plate  preparation.  Water  is  added  to  a 
sieved  soil  until  a  smcMth,  moderately  fluid 
slurry  Is  attained.  Application  of  the  soil 
slurry  to  clean  glass  plates  should  be  done 
quickly  enough  to  prevent  particle  size  seg¬ 
regation.  This  is  more  likely  to  occiur  in 
coarse  textured  soils  than  In  finer  ("heavier") 
soils.  In  soils  where  the  proportion  of  coarser 
sand  Is  high,  soil  TLC  plates  may  be  more 
satisfactorily  prepared  by  sm(x>thlng  a  direct 
application  of  soil  with  a  glass  rod.  Layer 
thickness  can  be  controlled,  in  this  case,  by 
affixing  multiple  layers  of  masking  tape  along 
the  plate  edges.  Soil  layer  thickness  should 
be  50(1-750  nm  for  soils  sieved  at  less  than 
250  iim  and  750-1000  nm  for  soils  sieved  at 
less  than  500  iim.  If  a  bloassay  methcxl  for 
spot  detection  Is  employed,  layer  thickness 
should  be  10<X)  nm  to  resist  soil  drirlng.  Plates 
are  air-dried  before  use. 

3.  Pesticide  application.  At  least  4  soil 
TLC  plates  should  be  used  per  soil  for  rep¬ 
licating  results.  Soil  plates  In  which  the 
layer  thickness  varies  within  the  zone  of 
leaching  should  be  discarded  because  water 
movement  may  be  Irregular  and  pesticide 
leaching  patterns  distorted.  Application  of 
"reference"  chemical  standards  In  addition 

^to  the  pestlcide(s)  being  tested  Is  strongly 
advised  to  afford  relative  (X>mparlsons  of 
mobility  with  other  pesticides  whose  labora¬ 
tory  and  field  behavior  (usually  on  other 
soils)  is  already  known.  Reference  chemicals 
should  Include  at  least  one  mobile  (Rr^.65 
in  a  medium  textured  soil)  and  one  less 
mobile  (Rf  0.10-0.64)  compound.  Extensive 
lists  of  relative  pesticide  mobilities  have  been 
published  (10,  18);  relatively  mobile  com¬ 
pounds  are  in  classes  4  and  5,  less  mobile 
compounds  are  in  2  and  3.  In  addition  to 
the  parent  pesticide  and  reference  com¬ 
pounds,  significant  degradation  products 
should  also  be  tested  fen-  leaching.  Since 
20  X  20  cm  soil  TLC  plates  can  accomodate 
up  to  7  or  8  Individual  applications,  when 
visualization  is  by  autoradiography.  It  Is 
normally  convenient  to  nm  all  compounds 
(pesticide,  metabolities,  and  reference  chemi¬ 
cals)  on  each  plate.  Application  rates  on  soil 
TLC  are  not  directly  comparable  to  field 
rates,  but  should  be  kept  as  low  as  practical, 
for  example,  1  ng.  "Aged"  soil,  l.e.,  pesticide- 
treated  soil  incubated  previously  as  part  of 
the  aerobic  metabolism  test,  can  be  ex¬ 
tracted;  extracts  can  then  be  tested  directly 
for  the  presence  of  mobile  components. 

4.  Plate  development.  A  horizontal  line  Is 
scribed  through  the  soil  layer  11.5  cm  above 
the  base.  By  spotting  pesticides  at  1.5  cm. 
the  compounds  are  then  leached  10  cun. 
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Plates  are  immersed  with  the  base  In  ap¬ 
proximately  0.5  cm  water  In  a  closed  chro¬ 
matographic  chamber  and  removed  when 
water  has  risen  to  the  scribed  line.  When 
compounds  known  to  photodegrade  are 
used,  the  leaching  should  be  conducted  in 
darkness. 

5.  Pesticide  visualization.  Soil  TLC  plates 
are  then  air-dried,  unless  volatile  compounds 
are  present.  In  this  case,  plates  can  be  frozen 
Immediately  after  leaching  to  reduce  loss 
of  the  pesticide.  If  radioactive  compounds 
are  used,  spot  movement  is  determined  from 
radioautograms  made  by  direct  exposure  to 
no-screen  medical  x-ray  film  exposed  for  at 
least  three  days.  Alternative  methcxls,  such 
as  chromatographic  scanning  or  scraping 
segments  from  the  chromatogram  and  deter¬ 
mining  radioactivity  through  scintillation 
counting,  may  be  necessary.  Bloassay  or 
chromogenlc  reagent  methcxls  of  pesticide 
visualization  on  soil  TLC  are  available  (17- 
20) ,  but  are  less  satisfactory. 

6.  Data  presentation.  For  each  soil,  mobil¬ 
ity  data  is  reported  as  the  average  frontal 
Rf  (±  standard  deviation)  of  a  spot  or 
streak;  l.e.,  if  a  compound  moves  5.5  cm,  its 
Rf  Is  0.55.  The  Rf  of  relatively  Immobile 
compounds  should  be  corrected  for  the  Ini¬ 
tial  spot  radius.  Center  Rf  (the  usual  meas¬ 
urement  for  conventional  TLC)  may  addi¬ 
tionally  be  reported  for  compounds  leaching 
as  spots,  but  must  be  clearly  distinguished 
from  frontal  Rf. 

7.  Data  documentation.  In  addition  to  Rf 
data,  a  representative  photograph  or  diagram 
of  the  leaching  patterns  for  each  soil  should 
be  submitted. 

Protocol  for  Soil  Column  Study.  Examples 
of  many  variations  In  soil  column  technique 
appear  In  an  earlier  review  (6) .  Since  it  Is  not 
feasible  to  reproduce  the  complexities  of  the 
field  In  the  laboratory,  the  techniques  used 
in  (x>lumn  leaching  experiments  should  be 
sufficiently  simple  and  standardized  to  afford 
reproducible  relative  mobility  data  for  pesti¬ 
cides  In  a  variety  of  soils.  As  with  soil  TLC, 
soil  column-derived  values  must  eventually 
be  calibrated  against  the  "real  world"  ex¬ 
perience  of  field  data. 

Soils.  Use  the  same  selection  criteria  de¬ 
scribed  for  the  soil  TLC  protocol. 

Apparatus.  Since  analysis  of  (x>lumn  ex¬ 
periments  should  Involve  the  soil  Itself,  as 
well  as  percolate  fractions,  the  use  of  a  seg¬ 
mented  column  (glass  or  metal)  is  con¬ 
venient.  Plastic  materials  should  be  avoided 
unless  prior  testing  has  shown  that  the  pesti¬ 
cide  (and  ite  metabolites)  are  not  signifi¬ 
cantly  adsorbed  on  the  column  walls  and 
that  plasticizers  eluting  from  the  column  do 
not  Interfere  with  analyses. 

In  one  protocol  (21),  segmented  columns 
are  filled  to  a  height  of  30  cm  with  alr-drled 
soli.  Each  segment  Is  2  cm  long  x  4  cm  Inner 
diameter,  permitting  rather  discrete  analysis 
of  the  pesticide  distribution.  Besides  15 
shorter  pieces,  the  cx>lumn  also  has  one  10-cm 
section.  The  soil  surface  Is  usually  covered 
after  pesticide  addition,  with  a  disc  of  glass- 
fiber  filter  paper,  sintered  glass,  or  glass 
w(x>l  to  minimize  disturbance  of  the  soil 
and  uniformly  distribute  water  applied  dur¬ 
ing  leaching. 

Another  mcxlificatlon  of  this  apparatus, 
Harris’  (22.  23)  use  of  stacked  aluminum 
rings,  2.5  cm  x  7.6  cm  (I.D.),  was  used  to 
evaluate  comparative  mobilities  of  28  herbi¬ 
cides  (22)  and  11  Insecticides  (23).  The  soil 
column  length  was  18  cm.  The  use  of  longi¬ 
tudinally  slotted  (24)  or  split  columns  have 
been  convenient  for  bioassaying  (x>lumns  in 
situ  after  leaching. 

Additional  descriptions  of  soil  cx)lumn 
leaching  apparatus  appear  elsewhere  (25). 
A  major  precaution  In  the  preparation  of 
(tolunms  Is  the  necessity  of  imiform  packing. 
A  known  weight  of  2-mm-sleved,  alr-drled 
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soil  is  added  slowly,  for  example,  with  column 
vibration.  Bulk  density  should  be  measured 
and  reported  and  should  be  nearly  the  same 
for  all  columns  of  the  same  soil. 

Method.  The  parent  pesticide,  major  me¬ 
tabolite  (s),  or  prevloxisly  aged  (via  the 
aerobic  metabolism  study)  radioactive  pesti¬ 
cide  is  added  uniformly  via  treated  soil,  or 
in  a  minimum  amount  of  solvent,  to  the  top 
of  the  air-dry  soil  column.  The  amount  of 
parent  added  should  correspond  to  the  high¬ 
est  recommended  rate  for  a  single  applica¬ 
tion.  Although  a  greater  effluent  volume  will 
obviously  be  collected  if  the  soil  column  is 
initially  at  field  capacity,  tests  have  shown 
(26)  that  penetration  depth  of  several  herbi¬ 
cides  was  the  same  in  dry  as  in  moist  soil 
columns.  With  the  apprc^riate  filter  pad  In 
place,  water  or  0.01  hf  CaSO,  is  added  at  a 
rate  which  does  not  exceed  the  infiltration 
capacity  of  the  soil. 

Sufficient  0.01  If  CaSO,  solution  should  be 
added  to  achieve  at  least  one  column  volume 
of  effluent.  (Specify  the  amount  used  and 
the  period  over  which  leaching  occurs.)  It 
is  anticipated  that  by  leaching  a  30-cm  soil 
column  with  20  cm  of  solution,  1  to  3  column 
volumes  of  water  effluent  will  elute  from 
the  column.  Since  this  amount  depends  on 
the  moisture  retention  characteristics  of  the 
packed  column,  the  V^-bar  moisture  content 
and  the  voliune  of  effluent  collected  (after 
drainage  has  stopped)  should  be  reported. 

Reports  of  leaching  tests  should  be  ac¬ 
companied  by  data  on  at  least  one  reference 
chemical  with  mobility  characteristics  simi¬ 
lar  to  the  parent  pesticide  under  examina¬ 
tion.  Evaluation  of  leaching  results  would  be 
enhanced,  however,  if  reference  chemicals 
showing  significantly  greater  and  less  mobil¬ 
ity  are  also  included. 

Leaching  data  should  include  analy^  of 
effluent  fractions  and  the  soil  itself.  In  a 
30-cm  column,  individual  segments  should 
be  i4>proxlmately  5  cm  each.  At  least  8  repli¬ 
cate  columns  should  be  run  per  test.  If 
teste  on  aged  soil  have  demonstrated  a  mo¬ 
bile  constituent,  efforts  should  be  made  to¬ 
ward  its  chemical  identification. 
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FIELD  LEACHING  STUDIES 

Reviews  of  pesticide  dissipation  from  soils 
published  in  recent  years  have  referred  to 
the  leaching  of  peeticlcies  as  meaeiued  in  the 
field  (1-2).  Leaching  pesticides  Implies 
the  di^lacement  of  the  chemical  in  the  soil 
by  water.  About  the  only  measure  of  pestl- 
cide  leaching  that  many  field  studies  pro¬ 
vide  is  the  d^th  of  penetration  as  measured 
by  eoll  sampling.  Usually  the  dissipation  of 
pesticides  from  soils  includes  the  processes  of 
v<fiaUllzation.  degradation  and  all  its  rami¬ 
fications,  and  photolysis  as  well  as  leaching. 
Consequently,  depth  of  penetration  studies 
provide  very  tittle  Information  ooncemtog 
the  dlsplac«nent  of  chemicals  by  leaching 
relative  to  other  modes  of  dissipation.  Nor  do 
they  provide  measurements  of  water  con¬ 
tents  of  the  soil  profiles,  the  flux  of  water, 
rainfall,  applied  water,  etc,  that  are  neces¬ 
sary  to  quantity  the  diiq>lacement  process. 

Intermittent  sampling  of  soil  profiles  to 
assess  the  time  and  qmtial  displacement  of  a 
(ffiemlcel  is  often  used  as  a  measure  of  leach¬ 


ing  iwttems.  Usually  such  measurements  as¬ 
sume  that  any  leaching  that  has  occurred  in 
the  interval  will  be  manifested  by  adsorbed 
pesticide  at  the  d^th  of  interest.  If  the 
chemical  Is  absent,  the  assumption  is  made 
that  penetration  to  that  depth  has  not  oc¬ 
curred. 

A  logical  question  to  be  asked  before  adopt¬ 
ing  a  specific  protocol  for  lecK;hlng  Investiga¬ 
tions  is  vrhether  the  leaching  experiment 
should  be  conducted  for  those  conditions  un¬ 
der  which  the  pesticide  is  normally  used,  or 
whether  the  investigation  should  be  designed 
to  examine  whether  the  pesticide  can  be 
leached. 

Adopting  the  former  argument  involves  a 
definition  of  what  “normal"  conditions  are 
and,  therefore,  leaves  open  the  questions 
v^lch  are  usually  never  characterized;  l.e., 
what  were  the  actual  conditions  and  how  are 
these  Interpreted  in  terms  of  the  broad  range 
ot  conditions  that  might  occur.  Further, 
other  processes  that  may  also  account  for  the 
dissipation  of  the  pesticide,  such  as  water 
content  of  the  profile,  temperattire,  rainfall, 
etc.,  confound  the  relation  between  the 
amount  of  chemical  applied  and  the  depth 
of  penetration. 

In  contrast,  leaching  investigations  can  be 
designed  to  examine  the  leaching  character- 
Is'tics  of  the  chemical  under  conditions 
which  are  not  usually  considered  normal, 
but  reasonatfie.  Such  conditions  could  be 
more  adequately  characterized  and  the  be¬ 
havior  of  the  chemical  more  adequately  In¬ 
terpreted  in  terms  of  other  processes  that 
contribute  to  its  dissipation  (for  example, 
any  process  which  reduces  the  concentration 
that  could  exist  in  a  mobile  form). 

A  review  of  the  literature  suggests  a  proto¬ 
col  should  be  developed  which  adopts  the 
latter  vlewpomt.  Clearly,  some  procedure 
should  be  adopted  which  improves  on  pro¬ 
cedures  currently  described  and  followed  by 
most  investigators.  If  such  improvements  are 
not  made,  the  evaluation  of  pesticide  leach¬ 
ing  will  continue  in  a  haphazard  manner  and 
the  application  of  theoretical  analysis  will 
not  mateiialtoe. 

Protocol  for  Field  Leaching  Studies.  The 
protoccfi  outlined  below  could  be  used  for 
field  leaching  tests  should  such  tests  be 
deemed  advisable.  It  is  presented  as  a  guide 
although  modifications  could  be  made  where 
conditions  suggest  such  modifications  would 
be  desirable. 

l.  Location.  The  test  locations  could  be  se¬ 
lected  according  to  the  requirement  of  the 
pesticide  use. 

n.  nme  Period.  The  tests  should  be  ini¬ 
tiated  when  the  pesticide  Is  normally  ap¬ 
plied.  8ince  the  purpose  of  the  test  is  to  ex¬ 
amine  leaching  characteristics,  a  short  period 
of  Intensive  monitoring  is  suggested  to  ex¬ 
amine  the  leaching  characteristics  immedi¬ 
ately  after  application  before  other  dissipa¬ 
tive  processes  become  dominant,  l.e.,  a  period 
of  1  to  2  wk.  Less  frequent  monitoring  for 
ionger  periods  of  time  would  yield  informa¬ 
tion  on  field  dissipation  which  might  Include 
other  processes,  such  as  degradation,  that  be¬ 
come  more  dominant  with  time. 

m.  Experimental  Design.  A.  Three  tyiies  of 
treatments  are  being  suggested  for  compara¬ 
tive  purposes.  However,  the  difference  be¬ 
tween  the  3  treatments  is  such  that  for 
short-term  experiments  only  one — where  ex¬ 
cessive  water  and  a  pesticide  application  rate 
larger  than  the  normal  rate  is  used — may  be 
meaningful.  Two  plots  In  each  treatment  are 
suggested  to  provide  some  assurance  that 
should  unusual  conditions  exist  either  in  the 
conduct  of  the  test  or  the  son,  the  test  will 
not  be  lost. 

1.  Excessive  irrigation — 3z  pesticide.  Two 
plots  which  receive  high  pesticide  applica¬ 
tion  rates  and  excessive  water  for  the  spe- 
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dflc  pxirpoM  of  t<wtlng  the  tendency  of  the 
pesticide  to  leach. 

2.  Normal  Irrigation — rainfall — Iz  pesti¬ 
cide.  Two  plots  which  receive  recommended 
rates  of  pesticide  use  and  water  applications 
based  on  normal  yearly  rainfall  amounts  or 
where  irrigation  Is  practiced  (and  rainfall 
is  low). 

3.  Normal  rainfall — 3x  pesticide.  Two  plots 
which  receive  only  normal  rainfall  (for  areas 
where  no  irrigation  Is  practiced).  This  treat¬ 
ment  Is  more  In  the  nature  of  a  field  dissipa¬ 
tion  study  and  Is  included  only  for  compara¬ 
tive  purposes. 

B.  The  area  selected  should  be  level  and 
free  of  vegetation.  The  soil  surface  should  be 
lightly  tilled  before  application  of  the  pesti¬ 
cide.  Following  application  of  the  pesticide, 
the  chemical  should  be  tilled  Into  the  upper 
4  in.  of  soil  and  mixed  as  thoroughly  as  pos¬ 
sible.  A  rototlller  can  be  used  for  this. 

C.  The  form  In  which  the  pesticide  is  ap¬ 
plied  would  be  determined  by  the  formula¬ 
tion.  Uniformity  of,  application  Is  Important 
and  can  best  be  achieved  either  by  spraying 
on  a  pesticide  soution  or  by  tmlformly 
spreading  a  dry  mixture.  In  some  cases,  the 
pesticide  could  be  mixed  in  a  large  volume  of 
water  outside  the  plot  and  applied  as  the 
first  Irrigation  to  the  plot.  This  procedure  . 
has  been  successfully  accomplished  by  mix-  C 
Ing  the  chemical  with  water  in  a  plastic 
swimming  pool  set  up  outside  the  plot  and 
pumping  the  mixture  to  the  plot.  The  vol¬ 
ume  of  water  used  was  based  on  the  volume 
of  water  that  would  cover  the  test  plot  to  a 
depth  of  2, 3,  or  4  In. 

D.  Recommended  application  rates. 

1.  On  the  heavily  Irrigated  plots  the  recom¬ 
mended  rates  would  be  3x  the  recommended 
rate. 

2.  On  the  plots  where  Irrigation  Is  used  to 
simulate  normal  rainfall  or  where  irrigation 
Is  the  sole  main  source  of  water,  the  recom¬ 
mended  rate  is  lx. 

3.  On  normal  rainfall  plots  the  recom¬ 
mended  pesticide  rate  Is  3x. 

E.  The  plot  size  Is  not  crucial  except  that 
a  larger  area  minimizes  the  effect  of  lateral 
fiow  In  the  region  of  Instrumentation  and 
provides  a  larger  sampling  area  for  repeated 
sampling.  It  also  reduces  the  effect  of  un¬ 
usual  soil  variability.  An  area  7  m  sq  (or  20 
ft  sq)  has  been  found  useful.  The  plot  Is 
surrounded  by  an  artificial  barrier,  such  as 
planking  (1  in.  x  12  In.)  which  Is  sunk  into 
the  sou  siufface  6  to  8  In.,  back  filled  on  both 
sides,  and  tamped  to  prevent  the  escape  of 
water  from  within  the  plot.  This  design  is 
used  so  that  water  may  be  ponded  on  the 
surface.  However,  a  good  sprinkUng  system, 
ciq>able  of  applying  the  water  uniformly, 
could  also  be  used  in  lieu  of  the  barrier.  In 
this  case,  a  low  soil  berm  may  be  used  to 
contain  any  water  which  might  run  off.  Plots 
should  be  separated  by  3  or  more  meters. 

IV.  Instrumentation.  All  Instruments  in 
the  7  m  sq  plot  should  be  located  In  an  area 
3  m  x  3  m. 

A.  Suction  probes.  SoU  solution  Is  obtained 
during  the  leaching  process  by  means  of  suc¬ 
tion  probes.  Three  probes  at  each  depth  are 
suggested  to  provide  sufficient  solution  for 
analysis  and  to  overcome  some  of  the  vari¬ 
able  leaching  characteristics  of  the  profile. 

A  minimum  of  2  probes  should  be  Installed. 

To  examine  the  movement  of  the  pesticide, 
should  It  occur,  the  probes  should  be  in¬ 
stalled  at  15,  30,  60,  00,  and  180  cm.  In  soils 
where  shallow  water  tables  are  a  problem,  the 
spacing  at  the  deeper  depths  could  be  elimi¬ 
nated  or  compressed.  Oood  InstaUation  pro¬ 
cedures  suggest  that  an  ordinary  wood  bit  of 
the  same  diameter  as  the  suction  cup  be 
used  to  make  the  h(fie  for  the  suction  probe. 

The  bit  Is  welded  to  a  rod  for  ease  of  boring. 

The  suction  probe  can  be  constructed  from' 

PVC  tubing  (Schedule  40)  to  which  the  ce¬ 


ramic  cup  is  glued.  (See  Figure  1.)  Should 
the  PVC  tubing  be  deemed  undesirable,  cop¬ 
per  tubing  has  been  used.  However,  In  gen¬ 
eral  the  soil  solution  does  not  come  In  con¬ 
tact  with  the  PVC  tubing  which  merely  acts 
as  a  holder  of  the  cup,  and  the  PVC  Is  easier 
to  work  with  and  less  expensive.  The  ceramic 
cups  are  available  from  commercial  suppliers 
and  should  be  washed  with  a  solution  of 
dilute  HCl  several  times  and  washed  with 
distilled  water  before  use. 

The  probes  should  be  Installed  when  the 
soil  Is  moist  and  easy  to  work.  Once  the 
probe  is  In  place,  the  soil  should  be  tamped 
firmly  around  the  barrel  to  a  depth  of  6  in. 
to  prevent  channeling. 

After  the  probe  has  been  Installed  a  tube  of 
small  bore  ( Vi  In.  to  Vi«  In.  In  diameter)  and 


ot  sxiffident  length  to  extend  from  the  bot¬ 
tom  of  the  ceramic  cup  to  the  edge  of  the 
plot,  is  Inserted.  The  Insertion  takes  place 
through  a  rubber  stepper  which  seals  the 
top  of  the  probe.  If  nylon  or  other  plastic 
tubing  is  undesirable,  Vi -In.  O.D.  copper 
tubing  can  be  used. 

At  the  edge  of  the  plot  the  tubing  enters 
a  collection  receptacle  through  the  stopper. 
Passing  through  this  same  stopper  Is  another 
tube  of  Vi  -In.  diameter  which  Is  connected  to 
a  vacuum  source  of  0.3  atm.  Usually  a  mani¬ 
fold  can  be  constructed  to  supply  vacuum  to 
all  the  probes  In  a  plot.  Glass  vials  of  various 
sizes  fitted  with  screw  caps  lined  with  foil 
have  been  used  successfully.  Liquid  scintil¬ 
lation  vials  of  30-50  ml  capacity  are  quite 
satisfactory. 


r 


EL 


To  Vacuum 


I  I 


*  secured  with  epoxy  cement  to 


A.  Porous  cup 
barrel 

B.  1.9-cm  diameter  plastic  polyvlnylchlorldo 
barrel  (Schedule  60). 

C.  Neoprene  stopper. 

D.  Small-diameter,  flexible  nylon  tube*^  is 
passed  through  the  stopper  to  enable  the 
end  to  rest  in  porous  cup  bottom.  The 
other  end  passes  through  the  stopper  and 
into  a  sample  vial. 

E.  Solution  sample  vial. 

% 

For  additional  Information  see  Reference  4. 


"  Porous  ceramic  cup  (1  bar)  Catalog  #  2131 
Available  from:  Soil  Moisture  Equipment  Co., 
F.  0.  Box  30025,  Santa  Barbara,  Calif.  93105. 

Nylon  pressure  tubing  f.  1207  type  T  Standard 
Vail  AWC  Size  18  (0.042  I.D.  x  0.074  O.D.) 
Available  from:-  Cadillac  Plastic  and  Chemical 
Co.,  313  Corey  Way,  San  Francisco,  California 
94089. 


Figure  1.  Soll-Vater  Solution  Probe  Construction. 


The  suction  probes  need  not  protrude 
above  the  soil  stirfsce  If  they  can  be  tightly 
sealed  so  that  water  cannot  enter  the  barrel. 
A  good  general  rule  Is  that  If  they  are  to  be 
burled,  the  top  of  the  barrel  should  be  below 
the  saturated  soil  zone  In  order  to  prevent 
leakage  Into  the  barrel  should  a  slight  leak 
develop  at  the  stopper.  For  this  reason,  it  Is 
usually  safer  to  have  them  protrude  above 
the  soil  surface  at  least  15  cm  so  that  water 
that  Is  ponded  on  the  surface  does  not  cover 
the  stepper.  They  are  also  easier  to  service 
should  It  be  necessary.  On  the  other  hand. 


App.  VI-43 

when  they  protrude  above  groimd  surface 
maintenance  of  the  plot,  viz-a-vlz  growth  ol 
plants,  must  be  done  manually. 

B.  Tensiometers.  The  tensiometers  can  b< 
constructed  In  exactly  the  same  manner  at 
the  suction  probes  except  that  a  clear  piece 
of  Incite  or  glass  should  be  glued  to  the  top 
of  the  pipe  to  provide  visual  Inspection  foi 
air  leaks.  If  the  tensiometers  are  burled,  thle 
features  can  be  eliminated.  A  small  bore 
nylon  tube  Is  attached  to  the  PVC  tube  tc 
provide  a  water  connection  between  the  PVC 
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tube  and  the  mercury  manometer  at  the  edge 
of  the  plot.  Omnmerclal  temkwtieters  using 
gauges  may  be  used  In  place  oi  the  nylon 
tubing  and  mercury  manometer.  Since  the 
main  purpose  of  the  tensiometers  Is  to  pro- 


Tensiometers  and  suction  probes  should  be 
installed  so  that  they  are  at  least  30  cm  apart 
and  staggered  In  depth  so  that  adjacent 
probes  and  tensiometers  are  not  at  the  same 
depth,  thereby  preventing  Interference. 

One  tensiometer  at  each  depth  Is  sufficient 
although  2  are  recommended  to  preclude  loss 
of  information  due  to  Instrument  failure  and 
provide  a  better  estimate  of  the  soil  water 
suction.  Since  It  is  useful  to  know  the  direc¬ 
tion  of  the  gradient  for  water  flow  in  the 
profile,  at  least  2  depths  of  Installatloci  are 
required.  Since  the  shallower  depths  are 
likely  to  rmdergo  wider  fiuctuations  in  soil 
water  suction,  it  is  recommended  that  ten¬ 
siometers  be  placed  at  the  same  depths  as  the 
suction  probes. 

V.  Test  Procedure.  A.  Before  application  of 
the  compound,  the  plots  should  be  fiooded 
with  water  to  a  depth  of  6  cm  and  main¬ 
tained  In  this  condition  to  wet  the  profile. 
This  will  provide  a  period  In  which  to  close 
lefdcs  and  test  the  instruments.  At  the  end 
of  this  period  the  plots  should  be  allowed 
to  drain  until  the  surface  Is  dry  enough  to 
work. 

B.  Excessive  trrlgatUm  plots.  1.  To  mini¬ 
mize  the  short-term  leaching  period,  a  eon- 
ttnuous  leaching  procedure  Is  recommended. 
PoUowlng  the  application  of  the  pesticide, 
water  Is  continuously  ponded  on  the  plot 
until  80  In.  of  water  has  entered  the  pitflUe. 
If  the  pesticide  is  applied  in  the  first  Irrlga- 


Tide  an  indloatton  at  the  moisture  status  of 
the  profile,  the  latter  may  prove  soore  con¬ 
venient  although  more  expensive,  tt  the 
tenetometer  is  below  ground  surface,  2  nylcn 
tubes  will  be  required.  (See  Figure  2.) 


A*  Porous  cup*  secured  with  epoxy 
eeseat  to  barrel. 

B.  ^  1.9-01  disaeter  plastie  poly- 

vlnyLchlorlde  barrel  (Schedule  80j . 

C.  He(9rene  stopper. 

0.  Saall-dlssMter,  flexible,  vster- 
fllled  nylon  tube***  epoxled  to 
IVC  barrel  connects  the  water  In 
the  barrel  to  a  aercury  rescrvlor. 

E.  !rhe  nylon  tube  was  passed  vertically 
through  a  glass  tube  which  iras 
affixed  atop  a  ineter  stick  Into 
the  aercury  reservoir,  allowing 
convenient  readings  of  the  aercury 
length. 

For  additional  Information  see 

References  5  and  6. 


^Porous  ceramic  cup  (1  bat)  Catalog 
#  2131  Available  from:  Soil  Moisture 
Equipment  Co.,  P.  0.  Box  30025, 

Santa  Barbara,  Calif.  93105. 

"hiylon  pressure  tubing  i  1207  type  T 
Standard  Wall  AUG  Size  18  (0.042  I.D. 
X  0.074  O.D.)  Available  from: 
Cadillac  Plastic  and  Chemical  Co., 
313  Corey  Way,  San  Francisco, 
California  94089. 


Construction. 

App.  VI-4S 

tion  water  increment,  the  pesticide  water 
shoiild  enter  the  soil  completely  before  ad¬ 
ditional  water  Is  applied  to  continue  the 
leaching  procedure. 

Sampling  of  the  soil  solution  at  the  shallow 
depths  should  begin  soon  after  leaching  Is 
started.  Sampling  should  continue  every  2  hr 
for  the  first  8  hr  and  less  frequently  there¬ 
after.  Some  indication  as  to  whOEn  sampling 
should  begin  at  each  successive  depth  can  be 
ascertained  from  changes  In  the  soil  suction 
readings  on  the  tensiometers.  When  the  suc¬ 
tion  readings  begin  to  decrease,  this  is  an  In¬ 
dication  that  water  has  penetrated  to  that 
depth  and  sampling  should  commence. 

After  all  water  has  entered  the  plot  and 
redistribution  begins  In  the  soil  profile,  oc¬ 
casional  sampling  for  2  to  3  days  would  pro¬ 
vide  information  on  pesticide  movement  \m- 
der  unsaturated  conditions.  When  the  soil 
profile  is  sufficiently  dry,  but  still  moist,  soli 
samples  could  be  taken  as  a  final  check  on 
the  pattern  of  pesticide  distribution. 

2.  As  an  alternative  to  the  above  procedure, 
the  leaching  water  could  he  applied  in  Incre¬ 
ments  of  an  equivalent  depth  of  4  in.  on  the 
s(fll  surface  with  ai>prozlmately  8-5  days  of 
redistribution  between  increments.  This  pro¬ 
cedure  might  he  more  convenient  for  some 
investigators.  Some  modification  In  the  sam¬ 
pling  procedure  might  he  followed  although. 
In  general.  It  would  be  much  the  same  as  that 
described. 


C.  Normal  irrigation  plots.  The  same  proce¬ 
dures  as  above  would  apply  to  the  normal 
Irrigation  or  simulated  rainfall  treatment. 

D.  Normal  rainfall  plots.  Normal  rainfall 
treatments  would  require  that  sanq>Ung  of 
the  soil  solution  would  be  possible  only  when 
sufficient  rainfall  oocuired  to  wet  the  soli 
profile.  This  treatment  could  logically  be 
eliminated  from  a  strictly  leaching  investiga¬ 
tion  since  the  time-span  Is  such  that  much 
of  the  pesticide  would  disappear  through 
other  processes.  Since  rainfall  is  likely  to  be 
intermittent,  depth  of  penetration  could  be 
measured  by  soil  sampling  and  suction 
probes  could  be  eliminated. 

E.  Temperature.  1.  Temperature  devices  to 
allow  continuous  monitoring  of  the  soil  tem¬ 
perature  at  15  cm  and  45  cm  should  be  In¬ 
stalled.  The  temperature  measurement 
should  be  made  in  one  plot  of  normal  rain¬ 
fall  and  one  plot  of  applied  water.  Inexpen¬ 
sive  clock-driven  thermographs  are  suitable 
for  this  purpose. 

2.  Meteorological  measurements,  such  as 
air  temperature  and  rainfall,  should  also  be 
obtained  In  the  vicinity  of  the  test  area. 

F.  Specific  comments.  The  purposes  of 
specifying  2  types  of  test  leaching  procedures 
are  as  follows: 

1.  Nramal  rainfall  will  provide  infonnatlon 
on  the  depth  of  pmetratlon  tar  areas  where 
rainfall  Is  the  only  source  of  water.  Mentoring 
of  the  soil  solution  by  suction  probes  pro¬ 
vides  a  measure  of  the  penetration  during 
the  flow  process,  a  condition  which  Intermit¬ 
tent  soil  sampling  will  not  provide,  partic¬ 
ularly  when  soils  are  too  wet  to  sample  other¬ 
wise. 

2.  The  time  factor  following  application  will 
provide  a  comparison  with  the  treatment 
involving  immediate  leaching. 

3.  The  applied  water  treatment  provides  a 
measfire  of  the  immediate  leachablllty  of  the 
chemical  under  sustained  water  am)llcatlons. 
Tills  treatment  Is  extreme,  but  it  providee  the 
limit  of  the  chemical’s  mobility.  The  2  tests 
therefore  provide  broad  limits  between  which 
the  normal  use  and  environmental  conditions 
are  likely  to  occur.  Should  the  chemical  move 
excessively  imder  the  applied  water  treat¬ 
ment.  then  other  factors  affecting  the  degra¬ 
dation  of  the  compound  and  lesser  leaching 
conditions  can  be  considered  In  evaluating 
the  actual  leaching  that  is  likely  to  occur 
tinder  “ncuTnal"  conditions.  The  condition  of 
a  moist  profile  and  Intermittent  Water  appli¬ 
cation  provides  a  favorable  test  condition  for 
compounds  that  are  either  less  prone  to  move 
or  more  prime  to  move  depending  upon  the 
soil  moisture  conditions.  Also  the  mechan¬ 
ics  of  performing  the  test  are  easier  to 
execute. 

4.  The  initial  pesticide  application  Is  higher 
than  normal  use  but  not  excessive.  Consider¬ 
ing  other  modes  of  dissipation,  repeated 
applications  of  some  chemicals  and  so  forth, 
this  represents  a  compromise  In  the  test 
procedure. 

5.  Temperatiuw  and  rainfall  data  are  use¬ 
ful  sines  these  2  factors  appear  to  be  im¬ 
portant  variables  in  the  dissipation  of  pesti¬ 
cides  in  the  environment. 

€.  Both  soil  solution  (probe)  and  sefil 
samples  are  Inclxided  in  the  requirement:  the 
former  to  assess  the  mobility;  the  latter  to 
provide  data  that  may  not  be  evident  from 
solution  sampling. 

7.  A  chloride  salt  such  as  KCl  at  the  rate 
of  2  tons/aere  could  be  uniformly  spread  on 
the  plot  s\n7ace  In  a  dry  powder  form  at 
at  the  time  the  pesticide  Is  applied.  This  rel¬ 
atively  Inert  tracer  would  provide  a  measure 
of  the  dei>th  that  a  mobile  constituent  will 
penetrate  under  natural  rainfall  as  well  as 
under  applied  water  conditions  and  a  useful 
comparison  with  the  less  mobile  pesticides. 
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VOI>TILIZATION  STUDIES 

Pesticides  may  be  lost  from  treated  areas 
by  volatilisation.  The  rate  at  which  a  sub¬ 
stance  passes  frmn  the  solid  phase  to  the 
vapor  ph^ue  depends  on  a  number  of  factors. 
Under  environmental  conditions,  the  effects 
of  particle  size,  climate,  interactions  with  en¬ 
vironmental  substrates  or  with  other  Ingre¬ 
dients  ot  the  formulation  must  all  be  con¬ 
sidered  insofar  as  they  modify  the  rate  of 
loss  of  the  pure  material  from  a  surface  when 
the  molecules  diffuse  through  still  air  layers. 

Vapor  pressure  Is  one  of  the  most  Impor¬ 
tant  factors  governing  the  tendency  of  a 
compound  to  volatilize;  It  provides  an  Indi¬ 
cation  of  the  relative  tendency  of  pure  sub¬ 
stances  to  vaporize  In  an  vmperturbed  situa¬ 
tion.  The  rate  of  evaporation  of  a  number 
erf  compoimds  Is  related  to  the  vapor  pressure 
p,  by  the  relationship: 

p=k  (evaporation  rate)"  (1) 

where  k  and  n  are  parameters  that  depend  on 
such  factors  as  temperature  and  wind  speed 
(i).  Other  factors  Influencing  volatility  have 
recently  been  discussed  by  Phillips  (2) .  Field 
studies  have  Indicated  that  the  best  indica¬ 
tion  of  the  extent  of  volatilization  of  a  pesti¬ 
cide  from  soli  may  be  gained  by  measure¬ 
ments  erf  the  Instantaneous  flux  of  water 
vapor  over  the  field  (3) . 

Volatilization  from  aqueous  systems  de¬ 
pends  not  only  on  the  vapor  pressure  of  the 
compound  but  also  on  Its  solubility.  TThe 
problem  Is  complicated  in  soils  since  adsorp¬ 
tion  occurs.  However,  quantitative  estimates 
of  relative  volatility  can  be  obtained  from 
the  measurement  of  vapor  pressure,  water 
solubility  and  soli  adsorption. 

Elaborate  labm-atory  or  field  experiments 
are  of  questionable  value  at  the  present  time, 
since  techniques  of  measurement  of  volatil¬ 
ization  rates  in  the  field  are  not  sufficiently 
developed  for  critical  or  comparative  evalua¬ 
tion.  However,  It  seems  reasonable  that  care¬ 
ful  measurements  of  the  basic  data  should 
provide  a  rational  basis  for  the  assessment  of 
environmental  hazard. 

Vapor  Pressure  Measurement — Methods. 
Several  methods  have  been  described  In  the 
literature  for  measurement  of  vapor  pressure 
(4-6) .  The  methods  for  measuring  the  vapor 
pressure  of  jiestlcldes  should  generally  be  ap¬ 
plicable  to  the  measurement  of  pressures  less 
than  10-*  mm  Is  the  vicinity  of  25*0.  Meth¬ 
ods  based  on  extrapolation  from  measure¬ 
ments  at  elevated  temperatmes  give  unre¬ 
liable  results,  especially  If  the  curve  is  extrap¬ 
olated  through  a  temperature  at  which  a 
change  of  phase  occurs. 

Two  principal  methods  are  available.  The 
first  Is  the  Blnudsen  effusion  method  de¬ 
scribed  by  Hamaker  (5)  In  which  the  rate  of 


loss  of  a  vapor  escaping  through  a  hole  of 
known  diameter  is  measured.  Alternatively, 
the  )et  recoil  from  the  stream  of  effusing  gas 
may  be  measured  by  a  torsion  balance.  The 
second  method,  originally  due  to  Regnault. 
Is  often  termed  the  transpiration  method 
(6) .  A  stream  of  gas  Is  saturated  with  a  vapor 
and  the  vapor  Is  collected  by  trapping.  Meas¬ 
urement  of  the  amount  of  material  trans¬ 
ported  by  a  known  amount  of  carrier  gas  Is 
used  to  calculate  the  vapor  pressure.  This 
method  was  developed  by  Spencer  and  his 
coworkers  (7-9)  and  used  to  measure  vapor 
pressure  of  a  number  of  pesticides.  The 
changes  In  vapor  pressure  caused  by  adsorp¬ 
tion  on  soil  were  also  studied  (10).  The 
principal  advantage  ot  the  latter  method 
over  the  effusion  method  Is  primarily  that 
the  presence  of  impurities  does  not  affect  the 
accuracy  of  the  results.  If  the  method  of 
analysis  is  specific  for  the  compound  under 
study.  In  both  methods  it  Is  essential  that 
the  gas  be  saturated  with  vapor. 

Comparison  of  results  In  the  literature 
shows  a  wide  range  of  values  given  for  a  num¬ 
ber  of  Individual  pesticides.  These  vary  with 
the  technique  used.  It  Is  therefore  Important 
to  make  an  Initial  check  of  the  performance 
of  the  apparatus  by  the  use  of  compounds 
of  known  vapor  pressure. 

Estimates  of  Relative  Volatility — Evapora¬ 
tion  of  a  pesticide  Is  probably  proportional 
to  the  evaporation  of  water  from  a  field,  nils 
concept  was  proposed  by  Hartley  (11)  and 
Is  based  on  the  assumptions  that  the  mech¬ 
anisms  (diffusion,  convection,  etc.)  promot¬ 
ing  the  volatilization  of  water  will  influence 
other  compounds  equally  and  that  the  rate 
of  volatilization  of  other  compounds,  like 
that  of  water,  will  be  controlled  by  environ¬ 
mental  factors. 

The  first  factor  Is  that  the  vapor  pressure 
(or  vapor  density)  of  the  compound  will 
govern  the  amount  of  vapor  present  In  the 
system.  A  second  factor  Is  the  rate  of  dif¬ 
fusion  of  the  compound  through  the  air, 
which  will  be  approximately  proportional  to 
the  square  root  of  the  molecpular  weight. 
The  third  factor  Is  the  weight  of  material 
carried  by  the  diffusing  molescular,  which  is 
directly  proportional  to  the  molecular  weight, 
M.  Equation  2  combines  these  factors: 

Wgt.  evap.  (pest.)  _  (pM*/*)  pest.  (2) 

WgtTevap7(Hp)‘  (pM‘/s)“  H„0 


Hartley’s  calculations  based  on  a  water  loss 
of  6  tons  water/acre/day  gave,  for  the  weight 
of  pesticide  evaporated  In  pounds/ acre/day 
(W) ,  the  formula: 

W=322.6  (pM>«)  pest.  (3) 

This  formula  Is  i^iproxlmate  and  does  not 
take  mto  account  the  adsorption  on  soils, 
but  It  Is  useful  for  the  comparison  of  the 
volatility  of  one  pesticide  with  another.  Such 
calculations  give  a  guide  to  pesticide  be- 
havlcM*;  for  example,  DDT  Is  estimated  to 
volatilize  at  the  rate  of  0.4  Ib/acre/yr, 
whereas  paratblon  would  volatilize  at  0.21 
Ib/acre/day  at  application  rates  of  0.25  to 
0.5  Ib/acre.  However,  many  factors,  such  as 
adsorption.  Interaction  with  other  com¬ 
pounds.  and  distribution,  reduce  the  rate  of 
volatilization  significantly.  Caution  Is  neces¬ 
sary  In  using  such  predictions. 

The  comparison  of  pesticide  behavior  based 
on  vapor  pressure  measurements  may  be  ex¬ 
tended  to  jrleld  estimates  of  volatility  from 
water  or  volatility  from  moist  soil.  In  the 
former  case  the  solubility  In  water  Is  required 
and  In  the  latter,  the  adsorption  coefficient  Is 
necessary  for  the  calculation. 

Volatility — From  Water.  The  use  of  water 
solubility  to  calculate  volatility  from  water 
solution  depends  on  the  observation  that  the 
saturated  solution  should  have  the  same 
vapor  pressure  as  the  pure  chemical.  Thus, 
the  vapor  pressure  of  the  chemical  can  be 
used  to  calculate  the  ratio  between  the  con¬ 
centration  in  water  and  that  In  the  air.  The 
following  formula  (12)  can  be  used: 

Ch.jO  Solubility  X  82.06  X  760  X  T 

C..r~“  pMx'i0*~ 

where  Cn.o  Is  the  pesticide  concentration  In 
water  (pp'm);  C>ir  Is  the  pesticide  concentra¬ 
tion  In  air  (^g/cc);  82.06=ga8  constant  (cc 
atm/deg  •  mol ) ;  760 = mm/atm;  T = absolute 
temperature.  *K  (l.e.,  *0  +  273.15);  p  Is  the 
vapor  pressure;  and  M  Is  the  molecular 
weight  of  the  compound.  Pesticide  solubility 
is  reported  as  ppm.  This  formula  may  not 
be  exact,  since  the  vapor  pressure  of  the  pure 
chemical  may  be  changed  because  of  water 
that  dissolves  In  the  chemical.  Also,  there 
may  be  some  change  In  distribution  ratio  as 
the  concentration  of  chemical  decreases  from 
Its  saturation  value.  However,  Inaocxiracies 
are  very  small  since  most  pesticides  have  low 
water  solubility  and,  hence,  a  very  umaii 
affinity  for  water. 


Table  1. — Ettimalrs  of  volatUU]/  of  chemical*  from  water 
[From:  references  12  to  15] 


Vapor 

Distribution 

Water 

ratio  water/air 

Chemical 

nrasure  • 
(mlUlmeters  pfr 

solubility  • 
(parts  per 

(parts  per 
million  or 

Estimated  practical  volatility 
behavior  from  aqueous  systems 

hectogram) 

million) 

micrograms 
per  cubic 
centimeter) 

Methyl  bromide. _ _ 

Chloroplcrin . . 

Ethylene  dlbromlde..... 
Dlbromochloropropane  .. 

TTrifluralin... _ ..... 

DDT . 

Nltrapyrln  «... . . 

EPTC . 

Lindane . . 

Parathion . . . . 

Cbloropham.... . . 

Atraclne _ _ _ 

Phenylmercurlc  acetate.. 
Monuron _ _ 


1.34X10*  10,000 

2X10*  1,950 

.77X10*  3,370 

6.8X10-*  1,280 

*1X10-*  *.58 

1.8X10-*  .0012 

2.8X10-*  *40 

*1.97X10-*  870 

3.2X10-*  10 

38X10-*  20 

1X10-*  88 

8.9X10-*  33 

9X10-*  4,700 

6X10-1  230 


2.30 

11 

43.3 
164 
322 
326 
1, 150 

1,844 
2X10* 
336X10* 
8X10* 
3  2X10* 
3  88X10* 
4.8X10* 


Very  volatile  fumigant. 

Volatile  fumigant. 

Do. 

Fumigant. 

Significant  volatility. 

Volatile  from  water. 

Volatile  if  surface-tmpUed  to  moist 
soil. 

Do. 

Slight  volatility. 

Volatile  from  1^  surfaces. 

Low  volatility. 

Nonvolatile. 

Do. 

Do. 


•  Vapor  pressure  and  water  solubility  at  the  same  temperature,  usually  25*  C. 

•  Measurements  made  at  the  Walnut  Creek  Laboratory  of  the  Dow  Chemical  Co. 

•  Nltrapyrln  Is  2«tiloro-6-(trlcbloromethyl)  pyridine. 

This  calculation  as  appUed  to  a  group  of  for  the  calculated  distribution  ratios,  which, 
pesticides  la  shown  as  Table  1.  The  cheml-  aa  tha  last  column  Indicates,  la  qualitatively 
cals  are  listed  In  order  of  Increasing  value  consistent  with  volatility  from  aqueous  tys- 


FEDERAL  REGISTER,  VOL  40,  NO.  123 — WEDNESDAY,  JUNE  25,  1975 


26890 


PROPOSED  RULES 


terns.  The  following  rating  system  Is  sug¬ 
gested: 

<100 — ^Bapldly  loet  from  water  sur¬ 
faces.  If  sou  adsorption  is 
low.  can  act  like  a  fumi¬ 
gant,  i.e.,  moves  as  vapor 
through  moist  soU. 

10*-10* — VolatUe  from  water  surface. 

10^-10® — Slight  volatiUty  from  water 
surface. 

>  10* — ^Nonvolatile. 

Note  that  the  vapor  pressiires  themselves  do 
not  form  a  sequence,  and  that  DDT  is  the 
most  out  of  line.  Because  of  its  very  low 
solubUlty,  it  is  much  more  volatile  from 
water  than  its  vapor  pressure  would  suggest. 
In  such  cases  co-dlstUlation  may  also  aSect 
the  loss. 

From  Moist  Soil.  Volatilization  from  a 
moist  sou  surface  is  volatilization  from 
water  modified  by  soU  adsorption.  Ads(»p- 
tion  wiU  diminish  the  tendency  of  the  chem¬ 
ical  to  volatilize.  The  distribution  ratio  be¬ 
tween  wet  soU  and  air,  if  the  pesticide 
concentration  is  on  a  dry  soU-weight  basis, 
can  be  calculated  (12)  by  Equation  5. 

^=Chj,o/C.i,  (l/r+K<)  (6) 


where  Cwt  is  the  pesticide  concentration  in 
wet  soil  (ppm,  on  a  dry  soU  weight  basis); 
Ciqo/C*(r  is  the  water /air  distribution  ratio; 
r  is  the  weight  of  soU/wt.  of  H.^O;  and  is 
the  concentration  in  soU/conc.  in  H,0  (Unear 
adsorption  coefficient). 

If  the  soU  concentration  is  expressed  on 
the  basis  of  the  total  weight  of  soil  and 
water,  the  foUowlng  formula  (12)  applies: 

C,,  /  1 _ ■  rKi\ 

C,ir  C^i.\r+l^r+i)  (G) 

The  first  formula  (Equation  6)  was  ap- 
pUed  to  a  number  of  pesticides  with  r  as¬ 
signed  a  value  of  6  as  a  reasonable  moisture 
content.  The  results  are  given  in  Table  2 
with  the  pesticides  arranged  in  order  of  in¬ 
creasing  soU/air  distribution  ratio,  corre¬ 
sponding  to  decreasing  volatUity.  Note  that 
adsorption  significantly  reduce  the  volatil¬ 
ity  of  parathion,  DDT,  and  EPTC.  The  prac¬ 
tical  significance  of  volatilization  must 
clearly  include  consideration  of  degradation 
and  leaching  as  alternative  pathways  for 
loss  from  soU. 


Table  2. — EstimaUd  lendency  of  ehemiodU  to  vdUUiize  from  water  and  from  moitt  toil 
[From:  references  12  to  16] 


Water  +  SoU 


Chemical 

V'uMr  pressure 
(milUmetws  per 
bectogram) 

SolublUty  in 
water  (parts 
per  million) 

Water/afr 
concentration 
ratio  • 

Kit  for  2  percent  - 
organic  carbon  * 

Air 

concentration 
ratio  • 

Fninifrftnts: 

0.51 

* 

Ci*-l,S-D . 

2.6X10* 

2,700 

17.7 

1. 2X10* 

1.85X10* 

2,800 

8,870 

24.9 

.56 

1.81X10* 

FDR  ■  _  . 

.77X10* 

43.3 

.65 

3.64X10* 

DBCP . 

5.8X10^ 

1,280 

167 

2.58 

4.59X10* 

Volatile  from  soil; 

23.2 

5.49X10* 

Chloroneb.. . . 

8X10-* 

8 

2.35X10* 

EPTC . 

1. 97X10-* 

870 

1.84X10* 

5.66 

1.07X10* 

Dlchlobenil _ 

5.5X10-* 

18 

8.48X10* 

3.28 

1.2X10* 

BUgbtly  volatile  trom 

soli: 

287X10* 

1.8X10-* 

15 

6.55X10* 

42.6 

3.2X10-* 

10 

1.96X10* 

26.8 

5.29X10* 

DDT . . 

1.9X10-» 

1.2X10-* 

8.26X10* 

4,860 

1.68X10* 

Nonvolatile  from  soil: 

8.3X10* 

6.9X10* 

8.8X10-* 

20 

209 

Chlorpropbam _ 

Atraune _ ..... 

1X10-* 

8.9X10-» 

88 

83 

8X10* 

8.2X10* 

11.8 

3.44 

1X10* 

1.2X10* 

Monoron _ 

6X10-» 

280 

4.2X16* 

1.66 

7.67X10* 

See  equation  below: 

•  Water+soU_^^»^/ _ 1 _ ,  «  X 

air  ~  C.ir  \wt.  (soll/water)  ' 

*  This  Kd  represents  0.02  (IT.c),  l.e.,  the  distribution  coefficient  corrected  to  a  “standard"  soU  contalnhig  2  percent 
organic  carbon. 

«  Wt.  (soU/water)=6;  volume  (water/alr)-!. 


Actual  volatUlty  from  a  specific  soU  situa¬ 
tion  wUl  depend  upon  such  a  variety  of  cir- 
ciunstances  that  it  wlU  be  very  variable. 
Spencer  and  CUatb  (IS)  have  shown,  for  ex¬ 
ample,  that  the  rate  of  volatUlzatlon  depends 
upon  the  moisture  conditions  at  the  soil 
surface.  Since  the  absorption  on  a  dry  soil 
E\u*face  is  much  higher  than  on  moist  soil,  a 
surface  layer  of  dry  soU  wlU  act  as  a  barrier 
to  volatilization  by  adsorbing  the  chemical. 
It  would  appear  that,  under  field  conditions, 
volatilization  from  soU  may  occur  in  “bursts” 
after  rainfall. 

The  Observed  volatility  will  also  depend 
upon  the  depth  to  which  the  chemical  is  in- 
oorpcxrated  into  the  soil.  Thus,  any  attempt  to 
measure  the  volatiUty  from  soU  directly  wiU 
necessarUy  he  arbitrary  and  probably  wiU  not 
provide  much  more  information  than  an  es¬ 
timate  of  tendency  to  volatilize  based  upon 
the  calculated  (soil + water) /air  concentra¬ 
tion  ratio. 

Transpiration  (Gas-Saturation)  Method  of 
Measuring  Pesticide  Vapor  Pressure.  Vapor 
pressure  of  pesticides,  lees  than  approximate¬ 


ly  0.01  mm  Hg,  should  be  determined  by  the 
gas-saturation  method  in  which  an  inert  gas, 
such  as  nitrogen,  is  passed  through  pesticide- 
treated  sand  slowly  enough  to  insure  equilib¬ 
rium  vapor  saturation  (S,  10,  17-19).  The 
pesticide  can  be  removed  from  the  carrier 
gas  stream  in  a  suitable  Uquld  trapping  agent 
SLich  as  hexane  (18),  ethylene  glycol  (16), 
or  a  suitable  solid  trapping  agent,  such  as 
Florisil  (20)  or  Chromosorb  102  (2i).  The 
pesticide  content  of  the  trapping  solution  or 
solid-phase  material  is  then  determined  with 
a  gas-liquid  chrmnatogreph  or  other  suitable 
Instrument  for  detecting  low  levels  of  pesti¬ 
cides. 

Apparatus.  The  apparatus  described  below 
can  be  adapted  for  measuring  vapor  pres¬ 
sures  of  pe^ddes  in  various  soils  by  in¬ 
corporating  a  humidity  control  and  measur¬ 
ing  device  in  the  flow  system  in  order  to 
maintsdn  relatively  constant  soil-water  con¬ 
tents  during  the  measuring  period  (18) . 

1.  Constant  temperature,  water  bitith  or 
Incubator.  * 


2.  The  flow  system  should  allow  for  (a) 
careful  control  of  air  flow,  for  example  by 
needle  valves,  to  flow  rates  of  I  ml/mln;  (b) 
careful  measurement  of  air  flow;  and  (c) 
correction  of  the  flows  due  to  pressure  and 
temperature  differences  between  the  flow 
meter  and  the  saturator. 

3.  The  saturator  or  the  volatilization  tube 
containing  the  pesticide-treated  sand  should 
be  sufficiently  large  to  allow  a  residence  time 
of  approximately  30  min  after  inert  gas  in¬ 
jection  to  Insure  equilibrium  vapor  satura¬ 
tion.  This  would  require  a  volatilization  tube 
of  approximately  100-ml  volume  at  a  flow 
rate  of  3  ml/mln.  For  this  purpose  a  glass 
tube,  3-cm  diameter  by  16  cm  long,  with 
ground  glass  Joints  would  be  sufficient. 
Larger  saturators  are  satisfactory. 

4.  The  trapping  system  can  utilize  solid- 
phase  or  liquid-phase  trapping  agents.  Solid- 
phase  trapping  agents  can  be  connected  di¬ 
rectly  to  the  volatilization  tube  through 
ground  glass  Joints  or  Teflon  tubing.  Liquid 
trapping  agents  should  be  contained  in  gas¬ 
washing  bottles  or  siimiar  tubes  containing 
fritted  bubblers  to  facilitate  pesticide  trap¬ 
ping  in  the  liquid  solvent.  These  can  be  con¬ 
nected  to  the  volatilization  tube  with  Teflon 
tubes  or  ground  glass  jmnts. 

Procedures.  The  vaporization  tube  satura¬ 
tor  should  be  filled  with  white  silica  sand 
coated  with  the  pesticide.  Quantities  of  rela¬ 
tively  pure  pesticide,  equivalent  to  1-2  per¬ 
cent  of  the  chemical,  should  be  added  to 
the  white  silica  sand  in  a  suitable  solvent. 
(The  white  sand  should  be  relatively  free  of 
iron  and  aluminum  oxides;  water-washing 
the  sand  by  pouring  off  the  supernatant 
liquid  containing  the  fine  fraction  is  a  de¬ 
sirable  precaution.)  After  evaporating  the 
solvent  in  the  open  air  or  in  a  rotary  evapora¬ 
tor,  the  sand-pesticide  mixture  should  be 
mixed  thorougUy  and  added  to  the  vapori¬ 
zation  tubes.  For  100-ml  vaporization  tubes, 
approximately  160  g  sand  should  be  treated 
with  the  pesticide  contained  in  6  to  10  ml  of 
solvent.  After  coimecting  the  vapor  trap  and 
bringing  the  system  to  constant  temperature, 
dry  nitrogen  gas  is  passed  through  the  satura¬ 
tion  at  flow  rates  of  about  3  to  6  ml/min 
until  sufficient  pesticide  has  been  trapped 
for  analysis  by  a  suitable  analytical  tech¬ 
nique— preferably  by  OLC.  Vapor  pressure 
should  be  determined  at  3  temperatures  (26*. 
36°,  and  46*  C)  to  allow  calculation  of  the 
vapor  pressure-temperature  coefficient,  or 
heat  of  vaporization.  Vapor  pressure  can  be 
measured  on  the  same  column  at  various 
temperatures  by  varying  the  temperature  in 
the  constant  temperature  water  bath  or  in¬ 
cubator.  Several  runs  should  be  made  at  each 
temperature  on  the  same  column,  preferably 
at  more  than  one  flow  rate  within  a  range 
of  3  to  8  ml/min  to  ensure  vapor  saturation. 

Flow  rates  Should  be  monitored  to  estab¬ 
lish  the  total  volume  of  gas  flowing  through 
the  saturator  during  each  run.  To  calculate 
vapor  density  in  weight  per  unit  volume  of 
gas  passing  through  the  saturate,  the  meas¬ 
ured  voliunes  are  corrected  for  pressure  and 
temperature  differences  and  for  the  net  vol¬ 
ume  of  trapping  solvent  added  to  the  nitro¬ 
gen  gas  between  the  saturator  and  the  flow 
meter.  These  corrections  are  much  simpler 
if  a  solid-phase  adsorbent  is  used  since  it  is 
then  imnecessary  to  correct  tor  the  volume 
for  the  volatilized  solvent.  Vapor  pressure  is 
calculated  from  vapor  density  as  follows: 

p=d  (RT/M)  (7) 

where  p  Is  vapor  pressure  in  mm  of  Hg; 
d  is  vapor  density  in  g/1;  B  is  the  molar  gas 
constant  (62.4  when  pressure  Is  in  ixun  Hg 
and  volume  Is  In  liters);  T  is  the  absolute 
tenqMratuie;  and  M  is  the  molecular  jvelght 
of  the  pesticide. 
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LABORATORT  SOIL  METABOLISM  STUDIES 

Three  main  tyi>es  of  transformation  are 
reported  to  occur  in  soil — photochemical, 
chemical  and  microbiological. 

Although  photodecomposition  of  pesticides 
In  air  and  water  Is  a  very  common  occur¬ 
rence,  little  photodecomposition  In  soil 
would  be  expected  since  radiant  energy  Is 
strongly  sorbed  by  soil  and  therefore  rela¬ 
tively  unavailable  for  photochemical  degrada¬ 
tion.  Nonetheless,  for  purposes  of  regis¬ 
tration,  the  registrant  is  encouraged  to 
conduct  laboratory-scale  soil  degradation 
experiments  In'  the  dark  so  as  to  eliminate 
photolysis  as  a  possible  slgniflcant  factor  in 
these  experiments. 

Chemical  transformations  In  soil,  mediated 
through  water  functioning  as  a  reaction 
medium,  a  reactant,  or  both,  are  widespread 
phenomena.  The  chemical  reactions  that  oc¬ 
cur  In  soil  may  be  catalyzed  by  clay  sur¬ 
faces,  metal  oxides,  metal  ions,  organic  sur¬ 
faces,  and  organic  materials  that  can  be 
separated  from  the  soil.  Additionally,  ex¬ 
tracellular  enzymes  which  are  widely  distrib¬ 
uted  and  stabilized  In  soil,  play  a  slgniflcant 
role  in  the  degradation  of  many  pesticides 
and  represent  the  transition  point  between 
chemical  and  Intracellular  mlcroblolo^cal 
breakdown. 

Microbiological  degradation  is  a  critical 
factor  affecting  the  fate  and  behavior  of 
pesticides  In  soil  (1,2).  Whether  or  not  a 
chemical  Is  persistent,  short-lived,  mobile, 
stationary,  sorbed,  activated.  Inactivated,  or 
eventually  constitutes  a  residue  problem  may 
depend  upon  its  metabolism  by  soil  micro¬ 
organisms. 

Comparison  of  autoclaved  with  nonsterlle 
soils  should  not  In  Itself  be  considered  ade¬ 
quate  criteria  for  substantiating  microbial 
degradation  as  the  sole  mechanism  of  pesti¬ 
cide  dissipation.  Because  of  the  unreliable 
effects  of  soil  sterilization  methods  on  pesti¬ 
cide  behavior  and  product  formation  In  soil 
(2)  and  their  negligible  value  In  assessing  the 
microbial  Involvement  In  pesticide  metab¬ 
olism,  “sterile  controls”  have  no  value  in  soil 
dissipation  protocols. 

Other  methods  of  eliminating,  controlling, 
or  reducing  microbiological  activity  should 
be  employed  to  accurately  assess  the  con¬ 
tribution  of  the  soil  microbial  population. 
For  purposes  of  registration,  it  would  seem 


most  expeditious  to  delineate  the  path¬ 
way  (s)  and  rate  of  dissipation  from  soil 
and  to  Identify  or  characterize  the  Inter¬ 
mediate  products  involved  Insofar  as  rea¬ 
sonably  possible.  The  exact  mechanism 
(microbial  versus  chemical)  whereby  a  given 
pesticide  degrades  should  be  considered  of 
more  academic  than  practical  signlflcance. 

Soil  dissipation  studies  rfequlre  the  use  of 
radiolabeled  pesticides  and  should  be  de¬ 
signed  to: 

1.  Characterize  the  rate  of  breakdown  of 
the  parent  pesticide  and  products  so  that 
their  stability  In  soli  can  be  classlfled  and 
related  to  reference  compounds. 

2.  Determine  products  and  degradation 
pathways. 

3.  Develop  some  concept  of  variability  In 
breakdown  rate  as  related  to  soil  and  cli¬ 
matic  factors. 

4.  Determine  the  Influence  of  soil  and  cli¬ 
matic  factors  on  accumulation  of  different 
soil  products. 

5.  Maintain  a  balance  sheet  of  radioactiv¬ 
ity  applied  to  the  experimental  sample. 

Protocol  for  Aerobic  Soil  Dissipation 
Studies — Incubation  System.  Two  types  of 
systems  (1  open  and  1  closed)  can  be  recom¬ 
mended.  Each  has  its  inherent  advantages 
and  disadvantages.  An  open  system  employ¬ 
ing  a  multipurpose  manifold  assembly  has 
been  described  by  Parr  and  Smith  (4)  tor 
use  in  evaluating  microbiological  interac¬ 
tions  with  pesticides.  (See  Figure  1.)  The 
principal  advantage  of  the  system  Is  that  the 
Investigator  can  conduct  soil  respiration  ex¬ 
periments  under  more  precisely  deflned  con¬ 
ditions;  i.e.,  a  relatively  constant  level  of  oxy¬ 
gen  can  be  maintained  In  the  decomposition 
chambers  throughout  incubation  and  the  ef¬ 
fect  of  different  gaseous  environments  (In¬ 
volving  mixtures  of  oxygen,  nitrogen,  and 
carbon  dioxide)  on  soil  microbial  activity  can 
be  studied.  Traps  can  also  be  Incorporated 
for  volatile  products.  An  obvious  drawback 
of  this  system  is  Its  complexity  for  large 
multiflask  experiments. 

The  “biometer”  flask  approach  (closed  sys¬ 
tem)  of  Bartha  and  Pramer  (5)  has  received 
wide  usage  In  pesticide  soil  dissipation 
studies.  Other  closed  systems  containing  the 
basic  elements  illustrated  in  Figure  2  may 
be  equally  acceptable.  Inclusion  of  a  pure 
oxygen  Inlet  in  this  system  allows  the  re¬ 
plenishment  of  oxygen  used  by  the  soil  on  a 
one-to-one  basis.  If  air  Is  substituted  for  oxy¬ 
gen,  the  flask  atmosphere  becomes  progres¬ 
sively  enriched  In  nitrogen  and  less  In  oxy¬ 
gen,  thus  ultimately  creating  more  nearly 
anaerobic  conditions. 

Soil — Soil  dried  to  a  workable  moisture 
content  should  be  screened  through  a  2-mm 
screen  before  weighing  into  Incubation  flasks. 
An  adequate  ratio  of  head  space  versus  soil 
volume  should  be  maintained.  Fifty  g  of  soil 
appear  adequate  for  250-ml  biometer  flasks. 
Moisture  content  should  be  determined  so 
that  samples  can  be  adjusted  to  correct  mois¬ 
ture  level  after  treatment. 
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Soil  Treatment.  Soli  pesticide  treatments 
are  preferably  applied  in  s\ifflcient  aqueoiis 
solution  to  bring  the  soil  to  its  desired  mois¬ 
ture  level  and  incorp(»«te  the  pesticide 
simultaneously.  Insoluble  pesticides  may  be 
applied  in  acetone  or  ethanol.  A  maximum 
of  1-ml  organic  solvent  per  100  g  of  soil 
should  be  used.  The  soli  should  be  thoroughly 
mixed  and  watered  to  the  desired  level;  the 
recommended  soil  moisture  content  Is  76  per¬ 
cent  of  0.33  bar  moisture. 

Replications.  Either  2  or  3  replications  are 
required. 

Incubation  Temperatures.  A  single  tem¬ 
perature  of  26*C  Is  recommended  for  me¬ 
tabolism  studies.  A  minimum  of  2  tempera¬ 
tures  are  recommended  for  rate  studies. 

Chemical  Purity.  The  chemical  should  be 
of  known  purity,  l.e.,  technical  or  reagent 
grade.  Radioactive  labeling  should  be  In  a 
position  of  the  molecrile  which  allows  char¬ 
acterization  of  significant  breakdown  prod¬ 
ucts. 

Carbon  Dioxide  Evolution.  KOH  or  NaOH 
Is  used  as  a  carbon  dioxide  trapping  solution. 
The  solution  Is  sampled  at  appropriate  In¬ 
tervals.  The  carbon  14  content  of  the  trap¬ 
ping  solution  can  be  determined  by  liquid 
scintillation.  Care  should  be  taken  to  dis¬ 
tinguish  between  radioactive  carbon  dioxide 
and  other  volatile  carbon  14  products  in  the 
trapping  solution. 

Incubation  Period.  Sufficient  units  should 
bo  established  to  permit  periodic  sacrificing 
and  characterization  of  degradation  rates 
and  product  appearance  and  disappearance. 
Incubation  should  continue  to  a  90-percent 
loss  of  the  parent  pesticide  and  until  pat¬ 
terns  of  accumulation  and  decline  of  prod¬ 
ucts  are  established.  Maximum  length  should 
be  no  more  than  1  year  since  Incubations 
longer  than  a  single  growing  season  probably 
beccMne  misleading  due  to  the  equilibrium 
established  In  the  constant  incubation  con¬ 
ditions  of  a  laboratory  study. 

Product  Extraction  and  Identification. 
Incubated  soils  should  be  exhaustively  ex¬ 
tracted  by  a  sequence  of  solvents.  Product 
identification  should  be  conducted  on  all 
materials  comprising  more  than  10  percent 
of  the  initial  application,  or  0.1  ppm,  which¬ 
ever  Is  greater.  Other  products  In  excess  of 
0.01  ppm  should  bo  Identified  where  feasible. 
Characterization  of  unidentifiable  products 
may  Include  TLC  mobility,  OC  retention 
time,  relative  polarity,  UV  absorbance  on 
TLC,  radioactive  content  (percent  of  original 
or  total),  or  possible  TLC  spray  reactions. 
In  addition,  extraction  p-values  are  useful. 
These  are  defined  (5,7)  as  the  numerical 
fraction  of  solute  (product  of  Interest)  par- 
tionlng  Into  the  upper  phase  of  an  equl- 
volume,  two-phase  Immiscible  solvent  sys¬ 
tem.  For  many  compounds  or  relatively  low 
polarity,  the  binary  system  composed  of 
hexane  and  acetonitrl  e  Is  desirable.  How¬ 
ever,  for  most  polar  products,  other  systems 
are  more  appropriate.  When  possible,  a  sol¬ 
vent  system  should  be  selected  to  give  the 
greatest  numerical  spread  between  different 
products  with  similar  physical  properties. 
TThe  utilization  of  this  technique  for  polar 
organophosphate  pesticides  Is  described  by 
Ahuja  (S).  When  more  than  10  percent  of 
the  radioactivity  from  the  Initial  application 
remains  in  the  soil  after  exhaustive  extrac¬ 
tion,  the  registrant  shall  proceed  with  a  soli 
boiind  residue  analysis. 

Data  Interpretation.  The  stability  of  par¬ 
ent  material  shall  be  reported  as  the  average 


time  required  for  a  60-percent  Ioss±  stand¬ 
ard  deviation  from  the  study.  If  products 
also  warrant  separate  studies,  they  should 
be  reported  In  the  same  manner. 

Protocol  for  Anaerobic  Soil  Dissipation. 
Flooding  or  waterlogging  a  well-aerated  soil 
can  have  an  effect  on  many  oxidation-reduc¬ 
tion  systems,  which,  in  turn,  may  indirectly 
affect  pesticide  metabolism,  fate  and  envi¬ 
ronmental  behavior.  For  a  more  detailed 
discussion  of  soil  anaeroblcity,  refer  to  the 
llteratvire  (f-5. 9-13)  .Two  methods  have  been 
utilized  to  attain  anaeroblcity:  (1)  The  at¬ 
mosphere  of  an  Incubation  chamber  is  purged 
of  oxygen  by  substitution  of  inert  gases  care¬ 
fully  purified  of  their  oxygen;  or  (2)  a  sample 
Is  waterlogged  to  decrease  rate  of  oxygen 
diffusion  below  that  required  by  the  micro¬ 
bial  pressure  within  that  sample.  Because 
some  Inert  gases  are  toxic  to  some  microbial 
populations,  the  second  method  would  be 
preferred. 

Establishment  of  Anaeroblcity.  The  rec¬ 
ommended  method  for  establishing  anaero¬ 
blcity  Is  fioodlng,  with  sequential  evacuation 
and  replacement  of  the  atmosphere  with 
nitrogen.  The  thickness  of  the  water  layer 
over  the  soil  should  be  2-3  cm.  After  fiood¬ 
lng,  the  soli  container  should  be  evacuated 
and  refilled  with  nitrogen  2  to  3  times  to 
assure  complete  removal  of  oxygen.  Substi¬ 
tution  of  inert  gases  without  a  water  barrier 
to  establish  anaerobiosis  Is  not  recom¬ 
mended.  A  water  barrier  protects  against  low 
level  oxygen  leakage  that  is  bound  to  occur 
with  any  but  the  most  leakproof  type  of 
apparatus  suitable  for  high  vacuum  work; 
rubber  and  most  organic  synthetics,  for 
example,  are  too  permeable  to  oxygen. 

Incubation  Vessel.  The  Incubation  vessel 
should  be  sealed  with  a  cap;  a  closed  con¬ 
tainer  minimizes  volatilization  effects.  Inlets 
and  outlets  should  be  provided  to  permit 
evacuation  and  introduction  of  nitrogen. 
All-glass  systems  are  preferable;  If  unavail¬ 
able,  a  bottle  with  a  tight-fitting  cap  may 
be  substituted. 

Soil  Types.  The  soil  used  for  anaerobic 
studies  should  be  the  same  soil  used  for  de¬ 
tailed  aerobic  soil  metabolism,  except  for 
specific  anticipated  uses,  such  as  rice  soils 
or  aquatic  pesticides.  Preincubation  of  soil 
to  assiu^  anaerobic  metabolism  is  unneces¬ 
sary,  If  the  procedure  outlined  above  is  fol¬ 
lowed. 

Soil  Treatment.  The  pesticide  mixed  with 
water  is  the  preferred  application.  If  solubil¬ 
ity  does  not  permit,  then  acetone  or  metha¬ 
nol  diluted  In  water  may  be  used.  Pesticide 
application  should  not  exceed  1  ml  organic 
solvent  per  100  g  soil.  Treatment  concentra¬ 
tions  recommended  are  1  and  10  ppm  tot 
comparative  rates  of  metabolism.  Detailed 
product  studies  should  be  conducted  at  the 
1-ppm  level.  Incubation  shotUd  be  at  26°C. 
and  In  the  dark. 

Methodology.  Additional  procedures  to  be 
observed  in  the  anaerobic  studies  Include  the 
following. 

1.  Sampling  schedule  used  In  anaerobic 
studies  should  parallel  that  used  In  aerobic 
studies.  Anaerobic  experiments  should  be 
conducted  to  the  point  where  degradation 
rate  can  be  established  or  Interpreted. 

2.  Products  different  from  those  observed 
under  aerobic  conditions  should  be  submitted 
to  aerobic  Investigations. 

3.  Product  identification  and  characteriza¬ 
tion  should  extend  to  same  level  as  that  In 
aerobic  dissipation. 


4.  Both  soil  and  water  should  be  analyzed 
for  carbon  14  content  at  each  sampling  pe¬ 
riod.  Carbon  dioxide  may  be  monitored  if 
desired.  Carbon- 14  balance  procediues  are 
encouraged;  however,  losses  may  be  Incurred 
through  carbon  14  methane  or  acidic  gas 
production. 

6.  The  Initial  extraction  solvent  should  be 
hexane  to  trap  any  possible  methane.  More 
polar  solvents  should  follow.  Hexane  should 
be  examined  by  gas-liquid  chromatographic 
procedures  sensitive  to  methane  or  other 
similar  products. 

6.  A  gas  chromatography-gas  proportional 
counting  system  capable  of  simultaneous 
measurement  of  metabolic  gases  (hydrogen, 
methane  and  carbon  dioxide)  from  methano- 
genic  systems  has  been  described  by  Nelson 
and  Zeikus  (14). 

7.  Data  should  be  reported  in  terms  of  dis¬ 
appearance  of  the  parent  pesticide  and  the 
formation  and  disappearance  of  products, 
with  respect  to  length  of  Incubation. 

8.  When  more  than  10  percent  of  the  radio¬ 
activity  from  the  Initial  application  remains 
in  the  soil  after  exhaustive  extraction  the 
registrant  shall  proceed  with  a  soil  bound 
residue  analysis. 

Extraction  Procedures  for  Soil  Bound  Res¬ 
idues.  Often  during  soil  dissipation  experi¬ 
ments,  a  certain  amount  of  radioactivity  re¬ 
mains  unextractable  and  is  referred  to  as 
“bound  residue.”  A  proposed  Interim  def¬ 
inition  of  soil  bound  residues  is  “that  un¬ 
extractable  and  chemically  unidentifiable 
pesticide  residue  remaining  in  fulvic  acid, 
humic  acid,  and  humin  fractions  after  ex¬ 
haustive  sequential  extraction  with  non¬ 
polar  organic  and  polar  solvents".  Although 
the  importance  of  these  residues  Is  not  fully 
understood  at  present,  a  significant  amount 
of  many  pesticides  residues  in  soil  fall  Into 
this  category.  Thus,  It  Is  essential  to  charac¬ 
terize  -the  distribution  of  such  residues  in 
the  soil  organic  matter  matrix. 

Stevenson  (15)  has  suggested  that  methods 
used  to  fractionate  soil  organic  matter  can  be 
placed  in  2  categories;  (1)  Those  used  to 
fractionate  and  estimate  compounds  charac¬ 
teristic  of  plant  tissmes;  and  (2)  those  based 
on  the  division  of  the  humus  Into  subclasses 
possessing  similar  solubility  characteristics. 

TThe  great  difficulty  with  all  fractionation 
procedures  is  that  the  methods  employed 
either  separate  out  products  which  are  not 
definite  chemical  entities  or  that  fractiona¬ 
tion  methods  may  form  artifacts  which  do 
not  have  the  properties  of  the  original  ma¬ 
terial.  Nevertheless,  the  various  fractionation 
procedm^  have  proved  useful  for  studying 
soil  organic  matter  ana^oil  bound  pestlciae 
residues. 

Before  determination  of  the  bound  resi¬ 
dues,  the  soil  should  be  exhaustively  ex¬ 
tracted  with  nonpolar  and  polar  solvents, 
such  as  ether,  benzene,  ethyl  acetate,  ace.- 
tonltrlle,  water,  etc.  It  Is  possible  that.  In 
certain  cases,  a  mild  extraction  of  soil  with 
dilute  alkali  (0.1  N  KOH  or  NaOH  or  NH^H) 
after  the  exhaustive  extraction  with  non¬ 
polar  and  polar  solvents  may  release  some 
identifiable  unbound  degradation  products. 
For  characterization  of  bound  residues  the 
classical  method  of  fractionating  humus  is 
based  on  the  extraction  of  organic  matrix 
from  soil  with  caustic  alkali  and  the  fturther 
subdivision  of  the  extracted  material  by  par¬ 
tial  precipitation  with  mineral  acids. 
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figure  3,  Fractionation  Scheme  Used  to  Characterize  Distribution  of  Radio- 
labeled  Sound  Pesticide  Residues  in  Soil, 


In  practice,  6  g  of  soil — after  exhaustive 
organic  solvent  extraction — Is  shaken  with 
25  ml  of  0.5  N  NaOH  in  a  shaker  for  24  hr 
St  25*  C.  The  soil  solutions  are  then  trans¬ 
ferred  to  centrifuge  tubes  and  centrifuged 
at  3000  rpm  for  10  min.  The  supernatant  is 
decanted,  the  soil  is  washed  twice  with  10-ml 
portions  of  0.5  N  NaOH  and  recentrifuged. 
The  soil  is  finally  washed  with  3  10-ml  vol- 
\imes  of  water,  centrifuged,  air  dried  and  set 
aside  for  combustion  analysis.  Unextracted 
radioactivity  in  soil  solids  is  considered  to  be 
associated  with  the  htunin  fraction  and  is 
measured  by  combustion  analysis. 

The  combined  supernatant  and  water 
washes  are  analyzed  for  radioactivity  by  llq- 
\ild  scintillation  counting.  The  combined 
supernatant  is  then  acidified  with  concen¬ 
trated  HCl  to  approximately  pH  1.  After  the 
humic  acids  have  precipitated,  they  are  cen¬ 
trifuged.  The  remaining  supernatant  con¬ 
tains  the  fulvic  acid  fraction.  The  precipi¬ 
tated  hiunlc  acids  may  be  redlssolved  in  0.1 
N  NaOH.  Radioactivity  of  the  ftdvlc  acid 
and  redissolved  humic  acid  fractions  may  be 
determined  by  liquid  scintillation. 

Although  further  characterization  of  these 
fractions  will  not  be  considered  mandatory 
at  this  time,  the  registrant  is  urged  to  con¬ 
sider  additional  analytical  methods  proposed 
In  the  scientific  literature  (15). 
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FIELD  DISSIPATION  STUDIES 

Scope — Objectives.  The  objectives  of  field 
dissipation  studies  of  pesticides  are  as  fol¬ 
lows: 

1.  To  determine  the  rate  of  dissipation  of 
the  pesticide  and  its  significant  degradation 
products  under  fallow  and  cropped  field  con¬ 
ditions. 

2.  To  determine  the  nature  of  significant 
degradation  products  of  the  pesticide  under 
field  conditions  and  compare  with  laboratory 
metabolism  results. 

8.  To  determine  the  potential  carry-over  of 
the  pesticide  and  significant  degradation 
products  under  field  conditions  for  single 
applications  and,  where  applicable,  8-year 
repeat  ^iplications. 


4.  To  evaluate  leaching  in  the  soil  under 
field  conditions. 

Two  types  of  studies  are  required:  (1)  A 
qualitative  study  of  the  pattern  of  degrada¬ 
tion  of  the  pesticide  under  field  conditions; 
and  (2)  one  or  2  quantitative  studies  of  the 
rates  of  dissipation  of  the  pesticide  and 
its  significant  degradation  products  under 
field  conditions. 

Qualitative  Studies.  Aerobic  and  anaerobic 
degradation  studies  of  the  pesticide  in  soil 
under  laboratory  conditions  establish  only 
the  pattern  of  degradation  of  the  pesticide 
in  soil.  A  field  study,  involving  application 
of  the  pesticide  in  the  manner  in  which  it  is 
to  be  used,  also  takes  into  account  the  addi¬ 
tional  influence  of  light  and/or  plants  on 
the  pattern  of  degradation  of  the  pesticide 
in  the  environment. 

The  radioactive  pesticide  should  be  ap¬ 
plied  as  it  would  ordinarily  be  used  with 
respect  to  method  of  application,  type  of 
formulation  and  rate  of  application.  Where 
application  to  plants  is  involved,  normal 
cultural  practices  should  be  used. 

Sampling  of  the  soil  at  various  intervals 
and  analysis  for  the  pesticide  and  its  sig¬ 
nificant  degradation  products  should  be  con¬ 
ducted  to  develop  a  picture  of  the  rates  of 
disappearance  of  the  pesticide  and  the  rates 
of  appearance  and  disappearance  of  its  deg¬ 
radation  products  in  soils.  Plants  should  be 
harvested  at  maturity  according  to  accepted 
practices.  All  soil  and  plant  food  and  feed 
samples  should  be  suitably  processed  for 
analysis  and  analyzed  for  discrete  radioactive 
compounds  and  generally  characterizable 
residues 

If  significant  amounts  of  radioactive 
residues  are  found  In  the  soil  at  harvest, 
planting  and  analyses  of  rotational  crops  for 
discrete  residues  may  be  required.  Further¬ 
more,  qualitative  field  dissipation  studies 
may  be  required  on  more  than  one  cri^ 
where  there  is  some  reason  to  believe  that 
different  degradation  products  will  be  en¬ 
countered  with  different  crops. 

Quantitative  Studies.  Laboratory  metab¬ 
olism  studies  in  soil  and  qualitative  field  dis¬ 
sipation  studies  establish  the  significant  de¬ 
gradation  products  of  the  pesticide  under 
field  conditions.  The  alms  of  the  quanti¬ 
tative  field  study  are  to  establish  disiqipear- 
ance  curves  for  the  pesticide  and  its  signifi¬ 
cant  degradation  products  under  field  con¬ 
ditions  (predicting  carryover  and  potential 
residue  buildup  at  the  same  time)  and  to 
evaluate  leaching  into  the  soil  profile.  Most 
of  the  applications  will  be  to  soils  and  to 
plants.  Normally  the  experiments  would  run 
tor  a  year.  However,  where  significant  carry¬ 
over  Is  expected,  3-yr  repeat  applications 
may  be  required.  Attempts  should  be  made 
to  correlate  results  observed  for  rates  of  dis¬ 
sipation  under  laboratory  cmidltlons  with 
those  observed  under  field  conditions. 

Table  1  summarizes  and  contrasts  the 
qualitative  and  quantitative  studies  used  in 
field  dissipation  experiments.  Study  II  rep¬ 
resents  an  alternate  approach  to  residue 
Study  m,  which  is  potentially  useful  should 
analytical  problems  arise  from  Study  HI. 
Because  the  pesticide  is  incorporated  in  fal¬ 
low  soil  In  Study  II,  losses  from  photo¬ 
degradation,  plant  uptake,  and  volatiliza¬ 
tion  are  minimized.  Study  HI  is  normally 
conducted  as  a  ptut  of  cr(^  residue  studies 
related  to  tolenmoes. 

Protocol  for  Field  Dissipation  Studies — 
Site  Locations,  Sites  for  the  test  should  be 
located  in  the  regions  of  usage.  These  regions 
are  outlined  in  USDA  Handbook  296,  Land 
Resource  Regions  and  Major  Land  Resource 
Areas  of  the  United  States  (1).  Each  site 
should  be  located  on  a  major  agricultural 
soil  of  the  region  and  must  be  available  over 
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a  3-yr  period  to  encompass  3-yr  repeat  appli¬ 
cation  studies.  Depending  on  the  test,  up  to 
4  or  more  sites  are  suggested.  Descriptions 
of  the  soil  profiles  (obtained  from  the  pub¬ 
lished  soil  survey)  and  heights  of  the  water 
tables  are  required. 


*  Oblectives  as  defined  in  the  text. 

2.  SCS  soil  survey  photo  maps,  If  available. 

3.  Description  of  area  from  county  soil 
survey  maps. 

4.  Coordinates  of  field  plots  on  topographic 
map,  If  available. 

Climate.  A  general  description  of  the  cli¬ 
mate  of  each  site  must  be  given;  this  is 
obtainable  from  various  sources,  includmg 
county  soil  survey  maps. 

The  specific  climate  during  a  study  should 
also  be  documented.  Temperature  patterns 
should  be  characterized  for  air  and  soil.  If 
soil  temperature  data  are  not  obtainable,  as 
a  minimum,  air  temperature  records  from 
the  nearest  U.S.  weather  station  can  be  used. 
For  actual  soil  measurements,  temperatures 
at  3,  6  and  18  In.  beneath  the  soil  surface 
might  be  considered. 

Idlnlmum  Infoimatlon  regarding  moisture 
during  an  experiment  Is  a  documentation 
of  rainfall  and  Irrigation  patterns.  Rainfall 
should  be  determined  directly  at  a  site  with 
a  rain  gauge.  Actual  soil  moisture  patterns 
are  helpful  and  can  be  determined  by  weekly 
sampling  or  by  weekly  readings  of  soli  mois¬ 
ture  tensiometers  or  soil  resistance  blocks. 
These  could  be  located  at  3,  6  and  18  In. 
beneath  the  soil  surface.  Twenty-fom”  hr 
should  be  allowed  after  irrigation  or  rain¬ 
fall  before  readings  are  taken. 

Soil.  The  soil  comprising  each  experimen¬ 
tal  area  should  be  described  In  terms  of  soil 
series  name,  series  description,  textural 
classification,  and  the  following  physical 
properties:  organic  carbon  content  (%); 
soil  pH  (In  0.01  M  CaCl,  suspension);  %- 
bar  soil  moisture  percentage;  sand,  silt,  and 
clay  contents  ( % ) ;  and  cation -exchange 
capacity.  The  methods  used  In  these  deter¬ 
minations  should  be  described  or  apprc^rl- 
ately  referenced.  Information  on  the  pre¬ 
dominant  clay  minerals  Is  usually  available 
within  the  published  soli  survey  and  should 
be  reported. 

Pesticide  Formulation.  The  most  widely 
used  formulation  or  the  technical  pesticide 
may  be  applied. 

Methodology.  Methods  are  summarized  In 
Table  1.  As  indicated,  each  study  encompasses 
several  objectives.  Recommended  tests  for 
establishing  a  soil  dissipation  curve  consist 
of  fallow  plots  with  the  chemical  incorpor¬ 
ated  into  the  top  0-7.6  cm  (approximately 
0  to  3  In.)  after  spray  application  (Study 
11) .  The  tests  for  carryover  of  residue  (StiKly 


Site  Charaoterieation.  Hie  location  of 
each  site  should  be  documented  thoroughly 
In  the  following  manner: 

1.  Thorough  topographic  description  to  in¬ 
clude  slope  of  the  area,  drainage,  and  land 
form. 


Ill)  should  utilize  other  plots  established 
primarily  for  collection  of  plant  residue  data; 
these  should  be  located  near  the  fallow  plots. 
Smaller  plots  (Study  I)  are  also  cropped,  but 
their  main  purpose  Is  to  verify  the  patterns, 
rather  than  the  rates,  of  dissipation.  In  the 
past,  soil  dissipation  studies  have  utilized 
either  bare  plots  or  plots  that  simulate 
actual  use  practices.  When  one  technique  is 
used  In  the  absence  of  the  other,  the  result¬ 
ing  data  suffers  seriously  In  the  following 
manner. 

Data  from  actual  use  plots  generally  con¬ 
tain  significant  unavoidable  errors  because 
of  the  presence  of  a  cover  crop.  Error  arises 
from  2  sources.  The  first  Is  the  uneven  dis¬ 
tribution  of  the  chemical  Initially  applied 
to  the  soil  because  of  the  method  of  {q>pllca- 
tlon  and  Interception  by  the  cover  crop. 
The  second  Is  the  renewal  of  chemical  In  the 
soil  through  transfer  from  plant  to  soli  dur¬ 
ing  the  course  of  the  study.  This  renewal  can 
occur  through  washoff  root  exudation,  and 
Incorporation  of  crop  residue  at  the  end  of 
the  growing  season.  Thus,  meaningful  soli 
dissipation  curves  often  cannot  be  obtained 
from  such  data.  However,  an  actual  use  plot 
Is  necessary  to  determine  carryover  because 
of  the  possible  transfer  of  chemical  from 
crop  to  soil. 

On  the  other  hand,  the  fallow  plot  tech¬ 
nique  falls  to  consider  the  movement  of 
chemical  from  plant  compartment  to  soil 
compartment  and,  thus.  It  may  or  may  not  be 
suitable  for  evaluating  carryover.  This  bare 
plot  does,  however,  provide  meaningful  data 
for  a  soil  dissipation  curve  because  of  the 
absence  of  the  cover  crop.  The  method  of 
Baude,  Pease  and  Holt  (2)  Is  partitularly 
suitable  for  the  study  of  field  soil  dissipation 
with  radiolabeled  pesticides  and  is  the  pre¬ 
ferred  method. 

Sampling.  Samples  for  Studies  I  and  n 
should  be  taken  before  application  (fOT  a 
supply  of  check  soil).  Immediately  after  ap¬ 
plication  (for  zero-time),  4  to  5  periods  be¬ 
tween  zero  and  fall  freeze,  and  once  before 
planting  the  following  spring.  Replicates 
analyzed  separately  should  be  obtained  at 
some,  but  not  all,  samplings  to  estimate 
variability  for  each  experiment.  Suggested 
samplings  for  replication  might  Include  zero 
and  last  sampling  before  winter. 

In  actual  use  tests  for  studjrlng  carryover 
(Study  m),  the  most  Important  sampling 


periods  are  zero- time  and  the  following  spring 
prior  to  planting  the  next  crop.  Soil  samples 
should  be  obtained  at  these  times;  sampling 
In  the  fall  is  also  advised.  Zero-time  serves  to 
show  how  much  chemical  reaches  the  soli 
Initially  and  the  following  spring  shows 
whether  residues  are  still  present.  True  assay 
of  the  residue  level  In  soil  Is  possible  only 
after  all  of  the  plant  material  has  been  In¬ 
corporated;  sampling  at  spring  preplant  Is 
the  best  time  for  this  condition. 

Sampling  periods  between  these  points 
have  less  value,  because  of  the  large  varia¬ 
bility  in  application  to  soil  Initially  and  the 
continued  renewal  of  the  soil  level  by  trans¬ 
fer  from  plant  material  to  soil.  However,  the 
number  of  sampling  periods  for  Study  ni 
will  depend  on  whether  Study  II  Is  con¬ 
ducted.  When  Study  n  Is  conducted,  the 
sampling  Intervals  described  will  be  ac¬ 
ceptable.  Otherwise,  a  sufficient  number  of 
samplings  should  be  conducted  to  permit 
plotting  a  well  defined  degradation  profile. 

All  soil  samples  should  be  taken  at  suf¬ 
ficient  depth  and  at  sufficient  Intervals  to  be 
all-inclusive  of  parent  chemical  and  signifi¬ 
cant  metabolites  In  order  to  show  degrada¬ 
tion  and  extent  of  downward  movement. 
Increments  suggested  In  Table  1  will  ade¬ 
quately  define  the  vertical  distribution.  Al¬ 
though  other  methods  can  be  used,  multiple 
soli  cores  provide  a  convenient  means  of  ob¬ 
taining  samples.  Care  should  be  exercised  to 
prevent  cross-contamination  between  various 
soil  horizons.  A  method  used  by  several  re¬ 
searchers  which  appears  suitable  Is  described 
by  Turner  (3).  The  sampling  method  must 
be  statistically  valid  and  well-described.  For 
other  discussions  of  soil  sampling,  see  refer¬ 
ence  (2,  4-9) . 

Treatment.  Treatment  should  consist  of 
the  maximum  use  rate  stated  for  a  use  pat¬ 
tern.  Interpolation  of  results  can  be  made 
for  lower  use  rates,  but  extrapolation  to 
higher  dosages  Is  risky. 

Repeat  Applications  and  Subsequent 
Cropping.  If  significant  residues  are  present 
In  soil  at  the  end  of  the  season,  repeat  ap¬ 
plications,  rotational  cropping,  or  both,  may 
be  required  to  establish  that  no  significant 
accumulation  of  residues  or  carryover  of 
residues  Into  rotational  crops  occurs. 
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Table  l.—Tppe$  and  eharaeterUtia  of  field  dUiipation  studies 


Parameter 


Patterns  of  dissipation, 
study  1 


Rates  of  dissipation 


Fallow  field  study,  study  II  Residue  study,  study  III 


Objectives  •„ 
Compound: 
Form.... 


Formulation. 


Locations . 

Plots  per  location. 

Crop _ 

Rate . . 


Application  method. 


Weed  control . 

Sampling  times  (soil). 


1,2,4,3 . 1, 3,4,2. 


Radioactive . . 

Technical  or  most  widely 
used  formulation. 

1 . 

1 . 

Yes . 

Normal  maximum  aimual 
recommended. 

Normal  pattern . 


Sampling  depth. 


Duration. 


Hand  weeding . 

Sufficient  to  indicate  dissipa¬ 
tion  curve. 

7.5-centimeter  increments  in 
0-  to  30-centlmeter  xone; 
deeper  as  needed. 

1  crop  season . 


Nonradioactlve  or  radioac¬ 
tive. 

Technical  or  most  widely 
used  formulation. 

2 . 

2 . 

No . 

Normal  maximum  aimual 
recommended. 

Incorporate  0  to  7.5  centi¬ 
meters. 

Hand  weeding . 

Sufficient  to  establish  dissi¬ 
pation  and  leaching  curves. 
7.a-centimeter  increments  in 
0-  to  9(H»ntimeter  tone; 
deeper  as  needed. 

12  mo  (minimum)  or  90-por- 
oent  dissipation. 


1,3. 

Nonradioactlve. 

Most  widely  used  formula¬ 
tion. 

4. 

2. 

Yes. 

Normal  maximum  annual 
recommended. 

Normal  pattern. 

Normal  cultural  practices. 

At  end  of  crop  season,  later 
if  carryover  occurs. 

15.centimeter  increments  in 
0-  to  30-centimeter  cone; 
deeper  as  needed. 

1  crop  season,  longer  if 
carryover  occurs. 
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slstence  of  fiingicldes — ^Experimental  design, 
sampling,  chemical  analysis,  and  statistical 
evaluation.  Pestie.  Monit.  J.  4:209-216. 

PAKT  vn 

Hazard  evaluation; 


Human  and  domestic  animal  tox¬ 
icology  _ VII.A-1 

Aquatic  toxicology - VII.B-1 

Wildlife  toxicology - Vn.C-1 

SUBPART  A 

Hazard  evaluation:  Human  and  do¬ 
mestic  animal  toxicology _ VII A- 1 

Methods  for  study  of  acute  tox-  _ 

iclty  _ _ Vll.A-6 

Methods  for  study  of  subacute 

and  chronic  toxicity - VnA-7 

Methods  for  study  of  inhalation 

toxicity  _ — _ VII  .A— 12 

Methods  for  study  of  skin  and  _ 

eye  toxicity _ VIIA-14 

Methods  for  study  of  reproduc-  _ 

tive  and  teratologic  toxicity —  VII.A-16 
Methods  for  study  of  mutagenic¬ 
ity  _ 1 _ VnA-19 

Methods  for  study  of  neurotox¬ 
icity  _ VII.A-22 

Methods  for  study  of  interac¬ 
tions  _ _ Vll.A-23 

Methods  for  study  of  reentry  in¬ 
tervals  _ _ VllA-25 


Paxt  Vn — Haasan  Evaluation 

SUBPAET  A — HUMAN  AND  DOMKSTIC  ANIMAL 
TOXICOLOCT 

Part  vn  of  the  Registralhm  Guidelines 
establishes  the  hazard  evaluation  data  re¬ 
quirements  necessary  for  the  registration  of 
pesticides.  This  Subpart  sets  forth  acceptable 
protocols  for  the  development  of  such  data 
by  establishing  the  general  considerations  to 
be  followed  in  designing  a  specific  testing 
procedure  for  a  particular  pesticide  and 
specified  data  requirements.  The  general  dis¬ 
cussion  is  followed  by  references  to  protocols 
which  the  agency  has  determined  are  ac¬ 
ceptable  for  developing  hazard  evaluation 
data. 

In  designing  a  specific  test  procedure,  the 
pesticide  developer  must  construct  a  testing 
protocol  adapted  to  the  specific  chemical 
nature  of  the  pesticide  and  the  type  of  ex¬ 
posure  to  man  m  the  environment  which  may 
be  anticipated  from  the  pesticide's  use.  The 
protocol  references  contained  in  this  Subpart 
establish  minimum  experimental  testing 
standards  which  must  be  met  in  planning, 
executing,  and  r^>orting  data  so  that  the 
data  on  the  pesticide’s  hazard  may  be  eval¬ 
uated  meaningfully.  Bach  reference  was 
^Ktsen  by  EPA  as  an  example  of  an  experi¬ 
mental  protocol  which  meets  the  general 
standard  for  experimentation  required  by 
KPA.  Numerous  other  protoccfis  were  reviewed 
by  EPA  and  have  not  been  included  in  this 
Subpart  because  of  a  determination  that  the 
protocols  would  not  provide  the  meaningful, 
reliable  data  required  for  an  accurate  hazard 
evaluation. 

Besides  setting  forth  specific  protocols,  the 
references  dted  in  this  Subpart  also  provide 
a  discussion  of  the  fundamental  factors 
which  should  be  weighed  for  developing  an 
adequate  testing  design;  for  example,  the 
variables  to  be  ccmsldered  in  the  selection  of 
testing  q>ecles,  strains,  and  sample  size  and 
specific  aspects  of  oncogenic  and  mutagen¬ 
icity  toxicity  studies.  The  pesticide  develc^r 
must  consider  these  factors  in  designing 
q}ecifie  testing  protocds.  EPA  end(»aes  the 
discussions  contained  in  the  references  and 
will  be  guided  by  those  factors  in  evaluating 


*More  detailed  Contents  pages  precede  each 
Subpart. 


the  adequacy  of  data  submitted  for  regtetra- 
ticm.  Specifically,  knowledge  of  the  chemical 
nature,  purity  and  stability  of  the  compoxmd 
to  be  tested,  the  bio-<diemlcal  reactions  of 
specific  groups,  the  physiological  activity  of 
similar  compoimds  and  the  techniques  for 
measuring  suspected  chemical  and  biological 
changes  of  such  compounds  must  be  con¬ 
sidered  in  designing  an  adequate  experi¬ 
mental  testing  procedure  is  essential.  Oc¬ 
casionally.  it  may  be  possible  to  predict  the 
physiological  action  of  a  compound  by  struc¬ 
tural  relationship  to  other  compound  with 
known  physiological  actions.  However,  such 
predictions  based  on  structure  similarities 
are  not  infallible  and  general  screening  pro¬ 
cedures  for  possible  physiological  actions 
must  be  done. 

SELECTION  OF  SPECIES 

A  reliable  in  vitro  screening  technique  is 
not  available  for  determining  the  species 
most  closely  approximating  the  human  phys¬ 
iological  re^mnse  to  many  pesticides.  In 
some  cases,  it  is  possible  to  obtain  metabolic 
and  kinetic  data  in  human  volunteers  or  by 
^idemlological  studies  of  occupationally  ex¬ 
posed  individuals  which  can  be  compared 
with  similar  data  from  experimental  animals. 
If  such  data  are  available,  the  experimental 
animal  species  most  closely  resembling  the 
known  human  response  should  be  selected 
for  additional  long-term  studies. 

In  reporting  each  study,  the  species  and 
strain,  source,  sex,  age,  weight  range  and  ail 
other  relevant  details  must  be  clearly  stated. 

SELECTION  OF  EOTJTE  OF  ADMINISTRATION 

The  basic  consideration  which  determines 
the  route  of  administration  Is  the  antici¬ 
pated  route  of  exposure  to  man  or  the  en¬ 
vironment  from  tbs  use  of  the  pesticide.  The 
experimental  exposure  should  be  the  same  or 
as  closely  related  as  possible  to  that  antic¬ 
ipated  for  humans.  Where  the  anticipated 
exposiHes  indicate,  for  example,  that  the 
gastrointestinal  tract  represents  the  route  of 
entry  into  the  body,  principles  of  premier  es¬ 
tablished  oral  dosing  must  be  applied.  In  the 
case  of  agricultural  pesticides,  the  compound 
should  be  incorporated  In  the  diet  of  the  test 
animal  and  not  merely  given  by  oral  intuba¬ 
tion.  If  more  than  one  route  of  exposure  Is 
antic4>ated  or  observed,  suflicieiit  testing 
must  be  done  with  each  route  to  determine 
the  toxicity  or  to  define  the  difference  in 
toxicity. 

In  reporting  data,  the  details  of  the 
method  of  administration  must  be  provided; 
for  example.  Incorporated  into  ground  lab¬ 
oratory  chow  as  26  percent  corn  oil  solution; 
all  diets  including  control  adjusted  to  a  1 
percent  added  corn  oil  level;  or  diets  avftil- 
able  ad  libitum. 

END  POINTS 

The  biological  activity  cf  a  pesticide  may 
be  evidenced  In  a  change  In  the  appearance 
ot  an  organ  or  tissue  of  the  test  AJiimai  (or¬ 
ganic  change)  or  in  a  change  in  the  activity 
of  the  organ  or  tissue  (functional  change). 
Thus  testing  must  not  be  limited  to  the  de¬ 
tection  ot  organic  changes,  ia.,  those  de¬ 
tected  by  growth  curves,  organ  weights, 
hematology  and  gross  and  microscopic 
pathology,  but  must  provide  a  total  evftlua- 
tion  of  any  changes  In  the  test  animal. 

METHODS  FOB  STTJDT 

Subpart  A  is  composed  of  sub-sections  or 
“Methods  for  Study.**  As  outlined  in  the 
table  of  contents  to  this  subpart,  these 
Methods  for  Study  correspond  to  the  nine 
test  areas  requiring  data  for  human  and 
domestic  animal  toxicology.  In  addition  to 
the  fundamental  factors,  listed  above,  for 
developing  an  adequate  testing  design,  eacfii 


sub-section  describes  additional  principles 
or  procedures  needed  for  the  particular  test. 

ACCEPTABLE  PROTOCOLS  AND  GENERAL 
UFXRXNCES 

Following  each  “Methods  for  Study”  In  this 
Subpart  references  .to  detailed  examples  of 
presently  acceptable  protocols  and  test  meth¬ 
ods  are  cited.  These  protocols  and  test  meth¬ 
ods  are  those  presently  considered  adequate 
for  developing  data  acceptable  for  registra¬ 
tion  purposes.  The  Agency  recognizes  that 
applicants  may  be  aware  of  other  test  proto¬ 
cols  which  are  equally  effective  for  particular 
purposes  and  that  new  procedures  will  be  de¬ 
veloped  in  the  future.  It  also  recognizes  that 
the  test  methods  described  sometimes  may 
not  be  well  suited  to  the  evaluation  of  parti¬ 
cular  products.  Thus,  modification  of  the 
specific  procedures  contained  herein  may  be 
appropriate  provided  that  the  intent  and 
reliability  of  the  suggested  methods  are  met. 
In  cases  where  an  applicant  proposes  to  de¬ 
viate  from  the  procedures  suggested,  an  ap¬ 
plicant  should  consult  with  the  Agency  on 
the  specific  data  development  methods  to  be 
employed.  In  addition.  In  a  particular  case, 
the  applicant  w  the  Agency  may  determine 
that  all  or  any  portion  of  a  referenced  proto¬ 
col  Is  not  adeq'iate  for  hazard  evaluation. 
Upon  such  determination  the  Agency  will 
work  with  the  applicant  to  design  an  appro¬ 
priate  protoool(s) . 

The  general  references,  which  also  follow 
each  “Methods  for  Study,’*  deal  with  ^>ecifio 
questions  which  most  be  addressed  in  de¬ 
signing  a  specific  test  protocoL  These  in¬ 
clude:  Selection  of  diet,  ^>ecles,  and  strain; 
number  of  animals;  duration  of  exposure; 
proper  control  groups;  specific  clinical  meas¬ 
urements;  statistical  treatment  of  data.  The 
Investigator  Is  encouraged  to  become  famil¬ 
iar  with  these  artUfies,  since  they  provide  the 
current  experience  of  the  profession  and  are 
valuable  in  the  conduct  of  good  toxicological 
research. 

References 

Committee  on  Problems  of  Drug  Saffety,  Na¬ 
tional  Research  Council.  1969.  Application 

of  metabolic  data  to  the  evaluation  of 

drugs.  Clin.  Pharmacol.  Ther.  10:607-634. 

METHODS  FOR  STODT  OF  ACTTR  TOXICITT 

The  following  information  should  be  made 
available  in  any  report  of  studies  on  the 
acute  toxicity  of  a  chemical  agent: 

1.  Exact  identification  of  the  compound 
studied.  Including  chemical  name,  structure, 
and  purity,  with  quantities  of  known  and 
unknown  c<Hitamlnants  given  so  that  100 
percent  of  the  sample  Is  aocoimted  for. 

а.  The  ^>ecies  and  straln(s)  of  test  animals 
used,  including  source,  sex.  age,  weight  range, 
diet,  housing  and  conditioning  before  the 
time  of  test. 

3.  The  method  of  selection  and  method  of 
division  of  animals  into  test  groups. 

4.  All  doses  used,  including  the  composi¬ 
tion  of  all  diluents;  number  of  animals  per 
dose  lev^;  the  route(s)  of  administration 
together  with  the  method  (s)  of  administra¬ 
tion;  and  nutritional  conditions,  such  as 
fasting  and  period  of  fasting,  before  test. 

б.  The  observation  period;  observational 
methods  utilized;  and  description  of  pre- 
mortem  and  nonletbal  effects. 

6.  The  LD-60  and  its  confidence  limits  to¬ 
gether  with  an  evaluation  of  the  slope  of  the 
lethality  curve  and  a  maximal  nonobservable- 
effect  dose  level;  and  reference  to  the  statis¬ 
tical  methods  employed. 

7.  When  indicated,  as  In  delayed  deaths  or 
synq>tomology,  the  inclusion  of  gross  pa¬ 
thology  and  possibly  histc^thology. 

The  conduct  of  acute  toxicity  tests  should 
be  in  accordance  with  currently  acceptable 
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principles  of  toxicologic  expertise  and  sta¬ 
tistical  procedures  as  exemplified  in  the 
following  references. 
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Miller,  L.  C.,  and  M.  L.  Talnter.  1944.  Estima¬ 
tion  of  the  ED50  and  its  error  by  means 
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rial  for  man.  Toxicol.  Appl.  Pharmacol. 
21 : 194— 199. 

WeU,  O.  S..  and  O.  J.  Wright.  1967.  Intra  and 
interlaboratory  comparative  evaluation  of 
a  single  oral  test.  Toxicol.  Appl.  Pharmacol. 
11:378-388. 

MXTHODS  roa  STUDY  OV  SUBACUTE  AND  CHRONIC 
TOXICTTT 

In  general,  the  subacute  or  chronic  studies 
should  define  the  btologloal  activity  of  a 
compound  and  provide  a  reliable  estimate  of 
the  lowest  dosage  required  to  produce  that 
effect  foUowlng  repeated  exposure. 

Every  study  should  Include  the  selection 
of  the  proper  animal  species.  Two  general 
prlncipleB  are  available  to  guide  the  investi¬ 
gator  in  selection  of  these  species. 

1.  Whenever  possible,  one  species  should 
permit  comparison  of  the  toxicity  of  the  test 
compound  with  known  compounds  tested  in 
the  same  species  as  well  as  in  man.  This  per¬ 
mits  Indirect  estimation  of  the  toxicity  of  the 
test  compound  to  man  through  other  oom- 
pounds.  At  the  present  time,  the  rat  permits 
this  comparison  better  than  any  other  ex¬ 
perimental  animal  for  most  compounds. 

2.  Another  mammalian  species,  other  than 
rodent,  should  be  selected  on  the  basis  of  its 
pcu^cular  slmUarlty  to  the  human  in  rela¬ 
tion  to  the  suspected  physiological  and  meta¬ 
bolic  mechanisms  affected  by  the  test  com¬ 
pound.  If  no  valid  basis  for  such  a  predic¬ 
tion  Is  available,  safety  is  best  assured  by 
selecting  the  second  species  on  the  basis  of 
greatest  sensitivity  to  acute  or  short-term 
subacute  toxic  effects. 

Selection  of  Route  of  Administration.  The 
selected  route  of  administration  should  be  as 
nearly  Identical  to  the  potential  human  ex¬ 
posure  as  possible.  When  the  test  material 
cannot  be  administered  to  animals  by  the 
proposed  route  because  the  animal  will  re¬ 
fuse  to  eat  the  test  diet,  administration  by 
stomach  tube  may  be  necessary.  In  most 
cases,  howevo-,  the  animal  oan  be  conditioned 
to  the  off-flavor,  smell,  etc.,  by  gradually 
building  up  the  dietary  concentration  to  the 
desired  level. 

Selection  of  Dosage.  Before  the  selection  of 
dosage,  a  review  of  the  acute  toxicity  should 
be  made.  This  review  should  consider  not 
only  lethal  dose  but  also  the  variation  in 


animal  response  to  the  same  dose  and  the 
slope  of  the  doaage-mortallty  curve. 

Before  designing  a  protocol  for  a  subacute 
study,  it  is  frequently  desirable  to  perform 
a  dose-range  finding  study.  As  the  term  in¬ 
dicates,  such  a  study  is  designed  to  provide 
a  reasonable  estimate  of  the  maximum  dos¬ 
age  an  snlmal  will  tolerate  on  repeated 
administration.  It  U  a  rapid  empirical  pro¬ 
cedure  to  eliminate  Inappropriate  dosages 
before  more  extensive  subacute  and  chronic 
experiments.  The  most  important  observa¬ 
tion  is  death.  Since  these  experiments  are 
of  a  very  short  duration — generally  1  to  2 
wk — death  at  any  dosage  level  is  sufficient 
Justification  to  eliminate  that  dosage  from 
subsequent  long-term  studies.  Additional 
observations  may  include  evidence  of  the  ac¬ 
ceptability  of  diet,  loss  of  body  weight,  or¬ 
gan  weight  changes,  and  symptoms. 

Subacute  experiments  should  not  be  con¬ 
sidered  as  preliminary.  Properly  designed  and 
conducted,  the  subacute  experiment  will 
provide  the  majority  of  the  basic  observa¬ 
tions  upon  which  the  decisions  for  accept¬ 
ability  of  use  and  commercial  production 
will  be  based.  Even  when  chronic  experi¬ 
ments  are  later  conducted,  the  observations 
made  should  be  an  outgrowth  of  Initial  sus¬ 
picions  or  discoveries  of  the  subacute  phase. 
Therefore,  effort  should  be  concentrated  in 
the  subacute  experiment  on  providing  the 
best  available  screening  for  deleterious 
changes. 

One  of  the  principal  values  of  a  chronic 
study  is  that  accelerated  senile,  degenerative 
ftnrt  carcinogenic  changes  can  be  detected. 
Adequate  numbers  of  animals  should  be  used 
to  permit  detection  of  such  changes,  which 
may  occur  only  in  a  fraction  of  the  popula¬ 
tion  of  test  animals.  The  nvunber  of  animals 
will  be  partially  dependent  on  the  incidence 
of  the  effect  in  the  control  population  as  well 
as  the  desired  degree  of  assurance  that  the 
effect  Is  not  produced  in  the  eiqierimental 
species  selected.  Several  specific  references 
deal  with  these  considerations  in  depth. 

All  quantitative  measurements  taken 
should  be  examined  by  a  statistical  com¬ 
parison  of  dosed  and  control  animals  as 
well  as  statements  of  central  tendency  and 
variability. 
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METHODS  rOR  STUDY  OF  INHALATION  TOXICITT 

A  pesticide  can  be  Inhaled  In  either  the 
vapm*  phase  or  as  an  aerosol,  l.e.,  dust  or  mist. 
Inhalation  may  be  a  serious  problem  for  con¬ 
sumers,  applicators  or  field  workers;  the  haz¬ 
ard  may  be  altered  by  the  type  of  formulation 
and  mode  of  application.  Studies  designed  to 
evaluate  the  potential  hazard  to  humans 
must,  therefore,  relate  to  the  physical  form 
of  the  pesticide  under  specific  use  conditions. 
It  should  be  stressed  that  a  number  of  factors 
play  roles  In  determining  the  ability  of  a 
material  to  be  dispersed  as  an  aerosol  and, 
once  dispersed,  to  remain  airborne  long 
enough  to  pose  an  Inhalation  hazard.  It 
should  also  be  recognized  that  inhalation 
exposure  is  often  a  mcne  difficult  procedure 
than  administration  by  any  other  route.  In 
general,  consultation  Is  advisable  with  scien¬ 
tists  with  experience  In  the  use  of  Inhalation 
chambers,  vapor  and  aerosol  dispersion,  and 
sampling  and  analysis  of  chemical  compo¬ 
nents  present  In  the  air  of  animal  exposure 
chambers. 

Inhalation,  as  a  route  of  entry,  results  In 
the  potential  fcM*  (1)  toxic  effects  at  the  site 
of  entry,  l.e.,  the  lungs,  as  well  as  (2)  the 
same  systemic  toxic  effects  that  may  occur 
from  entry  of  the  pesticide  Into  the  body  via 
other  routes.  Specialized  studies  for  changes 
In  pulmonary  function  may  be  the  most 
sensitive  measurement  of  effect  when  the  pes¬ 
ticide  has  Its  primary  action  on  the  dung  It¬ 
self.  Systemic  effects.  Including  cancer,  are 
measured  by  the  same  techniques  utilized  In 
studies  with  cm’s!  administration.  Only  re¬ 
cently  have  scientists  begun  to  evaluate  tera¬ 
togenicity,  mutagenicity  and  reproduction 
effects  following  Inhalation  exposure.  No  at¬ 
tempt  is  made  here  to  document  the  special¬ 
ized  studies  ton  pulmonary  function,  or  the 
classical  biochemical,  physiologic  and  path¬ 
ologic  observations  for  systemic  toxicity. 

General  principles  and  procedures  for  in¬ 
halation  studies  have  been  discussed  by  Drew 
and  lAskln  (1974)  and  by  the  Committee  on 
Toxicology  of  the  National  Academy  of  Scl- 
ences-Natlonal  Research  Council  (1964). 
These  reports  point  up  the  necessity  of  con¬ 
sidering  a  wide  variety  of  factors  which 
might  have  a  much  stronger  bearing  on  In¬ 
halation  hazard  than  hazard  by  other  routes 
of  administration.  The  other  refermces  are 
provided  as  representative  applications  of 
these  principles  to  specific  materials  or 
groups  of  materials  In  a  manner  consistent 
with  the  state  of  the  art.  It  should  be 
stressed,  however,  that  none  of  the  studies 
can  be  considered  comprehensive;  rather  ttiey 
were  directed  to  and  answered  questions  con- 
oeming  toxicity  the  materials  within  a 
highly  limited  framework. 
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METHODS  FOR  STUDY  OF  SKIN  AND  EYX 
TOXICITY 

Handling  any  chemical  or  chemical  for¬ 
mulation  In  quantity  creates  a  potential  for 
contamination  of  skin  and  eyes.  Skin  contact 
may  result  from  accidental  spillage  or  simple 
environmental  contamination  and  can  pro¬ 
duce  toxic  effects  by  percutaneous  absorption 
which  may  be  similar  to  those  resulting  from 
Ingestion  or  Inhalation.  Such  contact  may 
also  produce  dermatitis  of  the  primary  Ir¬ 
ritant'  or  delayed  hyi>ersensltivlty  type.  A 
variety  of  protocols  for  the  study  of  acute 
and  chronic  percutaneous  absorption  and  Ir¬ 
ritation  are  available  for  use  with  a  limited 
number  of  animal  species.  Adequate  proce¬ 
dures  for  the  study  of  delayed  hypersensitiv¬ 
ity  In  animals,  however,  are  not  extensive, 
and  the  results  of  such  animal  studies  can¬ 
not  be  considered  entirely  Indicative  of  the 
results  of  exposure  In  humans.  For  this  rea¬ 
son,  protocols  are  available  for  human  patch 
tests  which  are  designed  to  determine  the 
potential  for  the  production  of  sensitization 
In  the  exposed  humans.  Such  studies  should 
be  designed  and  performed  by  a  competent 
dermatologist  since  the  subjects  are  humans 
and  there  are  medical,  ethical  and  legal  as¬ 
pects  to  be  considered. 

Contact  with  eyes  usually  Is  the  result  of 
accidental  contamination  but  may  also  re¬ 
sult  from  exi>OBures  to  atmospheres  contain¬ 
ing  the  chemical.  Animals  exposed  for  In¬ 
halation  studies,  where  whole  body  exposure 
occurs,  should  be  observed  for  both  skin 
and  eye  effects.  Acute  eye  contact  studies 
can  be  made  following  one  of  several  pro¬ 
tocols;  most  employ  the  rabbit  as  the  test 
animal. 

Acceptable  Protocols  and  Methods 

Anonymous.  1971.  Testing  for  percutaneous 
toxicity.  Working  document  No.  14.  Pesti¬ 
cides  Safety  Precautions  Scheme  Agreed 
Between  Government  Departments  and 
Industry.  Pesticides  Branch,  Ministry  of 
Agriculture.  Fisheries  and  Food.  London. 
Committee  on  Toxicology,  Division  of  Chem¬ 
istry  and  Chemical  Technology.  1964. 
Principles  and  Procedures  for  Evaluating 
the  Toxicity  of  Household  Substances. 
NAS-NRC  Publ.  No.  1138.  (Part  HI). 
Dralze,  J.  H.,  G.  Woodard  and  H.  O.  Calvery. 
1944.  Methods  for  the  study  of  Irritation 
and  toxicity  of  substances  applied  topically 
to  the  skin  and  mucous  membranes.  J. 
Pharmacol.  Exp.  Ther.  83:377-390. 


Dralze,  J.  H.  1965.  Appraisal  of  the  safety  of 
chemicals  In  foods,  drugs,  and  cosmetics — 
Dermal  toxicity.  Absoc.  of  Food  and  Drug 
Officials  of  the  TTB.  Topeka,  Kansas.  Pp. 
46-59. 

Schwartz,  L.,  L.  Tullpan  and  D.  J.  Birming¬ 
ham.  1957.  Occupational  Diseases  of  the 
Skin,  3rd  Edition.  Lea  and  Feblnger,  Phila¬ 
delphia.  (pp.  58-85). 
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Toxicol.  Appl.  Pharmacol.  15:1-9. 
Carpenter,  C.  P.,  and  H.  F.  Smyth.  1946. 
Chemical  burns  of  the  rabbit  cornea. 
Amer.  J.  Ophthalmol.  29:1363-1372. 

Fassett,  D.  W.  1963.  Dermatitis  and  skin 
tests  with  textile  materials.  Proc.  Amer. 
Assoc,  of  Textile  Chemists  and  Colorists. 
Amer.  Dyestuff  R^iorter,  Aug.  19,  1963. 
Federal  Hazardous  Substances  Labeling  Act. 
Code  of  Federal  Regulations.  Title  21, 
Part  191. 

Loomis,  T.  A.  1974.  Essentials  of  Toxicology, 
Second  Edition.  Lea  &  Feblnger,  Phila¬ 
delphia.  (pp.  207-213) . 

Opdyke.  D.  L.,  F.  H.  Snyder  and  H.  L.  Ruben- 
koenlg.  1964.  Toxicological  studies  on 
household  synthetic  detergents,  n  Effects 
on  the  skin  and  eyes.  Toxicol.  Appl.  Phar¬ 
macol.  6:141-146. 

Roudabush,  R.  L.,  C.  J.  Terhaar,  D.  W.  Fas¬ 
sett  and  S.  P.  Dzulba.  1965.  Comparative 
acute  effects  of  some  chemicals  on  the 
skin  of  rabbits  and  guinea  pigs.  Toxicol. 
Appl.  Pharmacol.  7:559-565. 

Rowe,  V.  K.,  and  K.  J.  Olson.  1965.  Prediction 
of  dermal  toxicity  in  humans  from  studies 
on  animals.  Toxicol.  Appl.  Pharmacol.  (Sup¬ 
plement  2) :86-92. 

Well.  C.  S.,  N.  I.  Condra  and  C.  P.  Carpenter. 
1971.  Correlation  of  4-hour  vs  24-hour 
contact  skin  penetration  toxicity  In  the 
rat  and  rabbit  and  use  of  the  former  for 
predictions  of  relative  hazard  of  pesticide 
formulations.  Toxicol.  Appl.  Pharmacol. 
18:734-742. 

WeU,  C.  S.,  and  R.  A.  Scala.  1971.  Study  of 
Intra-  and  Interlaboratory  variability  In 
the  results  of  rabbit  eye  and  skin  irrita¬ 
tion  tests.  Toxicol.  Appl.  Pharmacol. 
19:276-360. 

Methods  for  Study  of  Reproductive  and 
Teratosenic  Toxicity 

The  physiological  stresses  associated  with 
reproduction  and  lactation  offer  a  unique 
opportunity  for  revealing  toxic  manifesta¬ 
tions  In  experimental  animals.  The  en¬ 
docrinological  changes  associated  with  the 
reproductive  cycle  In  the  female  and  the 
anabolic  systeins  involved  In  embryologlc 
and  fetal  growth  constitute  a  challenging 
background  against  which  to  test  the  toxic 
potentiality  of  a  pesticide  or  other  foreign 
substance.  Cimcelvably,  under  these  condi¬ 
tions,  enzyme  systems  are  called  Into  play 
that  are  otherwise  dormant.  If  indeed,  exist¬ 
ent.  Behavioral  phenomena,  such  as  loss  of 
sexual  Interest  or  maternal  neglect,  and  de¬ 
fective  prenatal  devel(^ment8  are  manifesta¬ 
tions  of  toxic  effects  that  can  be  detected 
only  In  appropriately  planned  experiments. 

Abnormal  reproductive  performance  may 
result  from  the  direct  Infiuence  of  the  toxic 
substance  on  fertility  or  on  conceptual  in- 
tMest  of  one  or  both  sexes.  Impaired  im¬ 
plantation  or  gestation,  prenatal  undernu¬ 
trition  or  placental  transfer  of  toxicity  to 
the  developing  embryo  or  fetus.  D^iendlng 
on  the  nature  at  the  chemlciU  and  the  de¬ 
gree  of  environmental  or  dietary  exposure 
of  man  or  other  target  species,  the  design  of 
experimental  protocols  may  extend  from  sin- 
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gle  reprodiictlve  cycles  to  multlgeneratlon 
studies. 

By  far  the  most  commonly  used  labora¬ 
tory  animal  for  reproduction  sttidles  la  the 
rate.  However,  procedures  have  been  de¬ 
scribed  employing  mice,  hamsters,  rabbits, 
swine  and  primates.  For  studies  Involving 
the  environmental  Intact  of  pesticides, 
avian  species  are  also  recommended.  (See 
Part  vn.  Subpart  C.) 

By  dosing  test  materials  before  mating, 
effects  on  both  male  and  female  fertility  may 
be  noted.  Ck>pulatlon  Is  established  by  the 
appearance  of  ^>erm  In  the  vagina  and  the 
progress  of  gestation  and  delivery  are  noted. 
Litter  size  and  weight  and  growth  and  sur¬ 
vival  of  pups  during  the  Immediate  post¬ 
natal  and  lactation  periods  are  recorded.  Ob¬ 
servations  such  as  these  may  be  quantitated 
and  statistically  evaluated. 

Reproductive  cycles  may  be  continued 
where  the  duration  of  fertility  and  gesta¬ 
tional  aq>ablllty  are  of  concern.  In  multl¬ 
generatlon  studies,  however,  observations  are 
generally  limited  to  3  or  4  generations  and  to 
2  litters  per  generation,  one  of  which  Is 
delivered  by  caesarian  section.  Signs  of  em¬ 
bryo-  or  fetotoxlclty  are  noted  and  the  fe¬ 
tuses  are  examined  macroscoplcally  for  tera¬ 
tologic  defects,  the  soft  tissues  after  sec¬ 
tioning  and  the  skeletal  structure  after  clear¬ 
ing  and'stalnlng. 

Teratologic  screening  studies  have  shown 
that  the  rat  and  movise  provide  more  con¬ 
sistent  and  reliable  data  than  the  rabbit  or 
hamster.  The  number  of  matings  per  dosage 
group  required  for  adequate  statistical  Inter¬ 
pretation  of  responses  militates  against  the 
use  of  larger  animals  In  reproduction  and 
teratologic  studies.  However,  where  species 
differences  may  exist  and  must  be  clearly 
defined,  the  use  of  pigs,  dogs  or  monkeys  is 
Indicated.  It  should  be  noted,  however,  that 
interspecles  variations  In  response  and  the 
absence  of  correlation  with  human  experi¬ 
ence  raise  doubts  concerning  the  significance 
of  teratologic  tests. 

Ihe  following  references  cover  basic  prin¬ 
ciples  and  procedures  employed,  as  recently 
described  by  pioneer  workers  In  the  field. 
They  Include  detailed  protocols  recommended 
for  reg\ilatory  purposes  by  the  IT 13.  Food  and 
Drug  Administration  and  the  World  Health 
Organization. 

Acceptable  Protocols  and  Methods 

Anonymous.  1973.  The  Testing  of  Chemicals 
for  Carcinogenicity.  Mutagenicity  and 
Teratogenicity.  Published  by  Minister  of 
Health  and  Welfare,  Canada. 

Oser,  B.  L.  and  M.  Oser.  1956.  Nutritional 
studies  on  rats  on  diets  containing  high 
levels  of  partial  ester  emulsifiers.  IL  Re¬ 
production  and  lactation.  J.  Nutrition 
60:489. 

Wilson.  J.  O.  1964.  Teratogenic  Interaction  of 
chemical  agents  In  the  rat.  J.  Pharmacol. 
Exp.  Ther.  1^:429. 

World  Health  Organization.  1967.  Principles 
for  the  Testing  of  Drugs  for  Teratogenicity. 
WHO  Tech.  Rep.  Ser.  No.  364.  Geneva. 
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MITTHODS  FOR  THK  STUDT  OF  MUTAGENICITT 

A  primary  objective  of  mutagen  testing 
Is  to  determine  whether  a  pesticide  has  the 
potential  to  cause  heritable  alterations  In 
man.  Direct  methods  for  the  assessment  of 
heritable  genetic  defects  in  man  do  not  exist. 
As  a  consequence,  a  wide  variety  of  non- 
human  and  even  non-mammalian  test  sys¬ 
tems  have  been  utilized  In  efforts  toward  the 
assessnoent  of  herltcUale  damage  Induced  In 
germ  cells  which  may  be  of  concern  to  man. 

Certain  mammalian  tests  are  considered 
in  and  of  themselves  as  sufficient  criteria  for 
stating  that  a  chemical  Is  likely  to  cause 
hMTltable  mutations  In  hiunan.  These  meth¬ 
ods  can  assess  a  heritable  risk  and  can  be 
utilized  In  a  manner  consistent  with  good 
toxicological  procedures,  l.e.,  appr(^rlate 
routes  of  administration,  prc^r  number  for 
statistical  purposes  and  dosages  which  ap¬ 
proach  hiunan  eiqMMiu'e  levels.  Misinterpre¬ 
tation  of  results  could  occur  In  one  of  these 
mammalian  systems  If  the  in  vivo  metabo¬ 
lism  of  the  chemical  In  man  Is  different  than 
in  the  test  system. 


The  tests  recommended  are  the  heritable 
taansloeation  test,  the  in  vivo  cytogenetic 
test,  and  a  specific  locus  test  In  rodents. 
These  tests  ineasiu«  a  variety  of  genetic 
damage.  The  heritable  translocation  test 
measures  transmissible  chromosomal  aber¬ 
rations.  The  in  vivo  cytogenetic  test  Indi¬ 
cates  the  capacity  of  a  particular  chemical 
to  cause  chromosomal  aberrations  which  may 
or  may  not  be  transmlseable. 

It  has  not  yet  been  demonstrated  that  all 
chemicals  which  affect  base-pair  changes 
(gene  mutations  or  small  deletions)  also 
cause  chromosomal  damage,  therefore.  It  is 
essential  that  an  assay  method  capable  of 
detecting  gene  mutations  be  Included.  The 
specific  locus  test  In  mice  fulfills  this  cri¬ 
terion,  In  that  It  measures  mutations  In 
specific  recessive  genes.  Currently,  there  are 
only  a  few  laboratories  with  the  capacity  or 
expertise  to  maintain  the  special  strains  of 
mice  necessary  for  this  test. 

Registrants  may  find  It  useful  to  perform 
tests  with  other  assay  systems  utilizing  sub- 
mammallan  organisms  and  single  cells  for 
screening  for  a  variety  of  genetic  effects,  in¬ 
cluding  those  which  will  not  be  detected 
by  the  whole  animal  tests. 

ACCEPTABLE  PROTOCOLS  AND  METHODS 

In  vivo  Cytogenetics  Test 

Ad  Hoc  committee  of  the  Environmental  Mu¬ 
tagen  Society  and  the  Institute  for  Medi¬ 
cal  Research.  1972.  Chromosomal  metho¬ 
dologies  In  mutation  test.  Toxicol.  Appl. 
Pharmacol.  22:269-276. 

Heritable  Translocation  Test 

Generoso,  W.  M.  1973.  Evaluation  of  chromo¬ 
some  abberration  effects  of  chemicais  on 
mouse  germ  cells.  Environ.  Health  Perspec¬ 
tives.  6:13-22. 

Generoso,  W.  M.,  Gosslee,  D.  G.,  Russell,  W. 
L.  1973.  A  sequential  procedure  for  the  de¬ 
tection  of  translocation  heterozygotes  In 
male  mice.  Page  110,  ORNL-4817.  In  Oak 
Ridge  National  Laboratory  Biology  Division 
Annual  Report. 

Leonard,  A.  1973.  Observations  on  melotlc 
chromosomes  of  the  male  mouse  as  a  test 
of  the  potential  mutagenicity  of  chemi¬ 
cals  in  mammals.  Pages  21-56,  In  A.  Holla- 
ender,  ed.  Chemical  Mutagens,  Principles 
and  Methods  for  their  Detection,  Vol.  3, 
Plenum  Press,  New  York. 

Specific  Locus  In  vivo  Test 

Cattanach,  B.  M.  1971.  Specific  locus  muta¬ 
tions  In  mice.  Pages  535-540  In  A.  Hollaen- 
der,  ed.  Chemical  Mutagens,  Principles  and 
Methods  for  their  Detection,  Vol.  2,  Ple¬ 
num  Press,  New  York. 

General.  The  Testing  of  Chemicals  for  Car¬ 
cinogenicity,  Mutagenicity,  Teratogenicity, 
Published  by  the  Minister  of  Health  and 
Welfare,  Canada.  1973. 

GENERAL  RXFXRENCSS 

In  vivo  Cytogenetics  Test 

Legator,  M.  S.,  Palmer,  K.  A.,  and  Adler,  I. 
1973.  A  collaborative  study  In  in  vivo  cyto¬ 
genetic  analysis  I.  Interpretation  of  slide 
preparations  Toxicology  and  Appl.  Pharm. 
24  337-360. 

Heritable  Translocation  Test 

Cacheiro,  N.  L.  A.,  RusseU,  L.  B.  and  Swart- 
out,  M.  8.  1974.  Translocation,  the  pre- 
dcRUinant  cause  of  total  sterility  In  eons 
of  mice  treated  with  mutagens.  Genetics 
76:73-91. 

Evans.  E.  P..  Breckon,  O..  and  Ford,  C.  E. 
1964.  An  air-drying  method  for  melotlo 
preparations  from  mammalian  tests.  Cyto- 
genetics  3:3aft-a»4, 
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Ford.  C.  E.,  Searle,  A.  O..  Evans,  E.  P.,  and 
West,  J.  B.  1969.  Differential  transmission 
of  translocations  Induced  in  spermato¬ 
gonia  of  mice  by  irradiation.  Cytogenetics 
8:447-470. 

General.  Conunittee  17  Report.  1975.  Environ¬ 
mental  Mutagenic  Hazards.  Science  187: 
503-614. 

Flamm.  W.  O.  1974.  A  tier  system  approach  to 
mutagen  testing.  Mutation  Research  26: 
329-333. 

Hollaender,  A.,  ed.  Chemical  Mutagens,  Prin¬ 
ciples  and  Methods  for  their  Detection, 
Vol.  1,  2  &  3.  Pleniim  Press,  New  York. 
Sutton,  H.  W.  and  Harris,  M.  I.,  ed.,  1972. 
Mutagenic  Effects  of  Environmental  Con¬ 
taminants.  Academic  Press,  New  York  and 
London. 

METHODS  FOS  STUDT  OF  NEUBOTOZICITT 

In  the  field  of  behavicH’al  toxictdogy,  tech¬ 
niques  are  being  rapidly  developed  with  ex¬ 
perimental  animals  that,  hc^fully,  will  pro¬ 
vide  m<MW  sensitive  and  specific  predictions 
of  neurotoxic  effects  in  man  (T7B.  Depart¬ 
ment  of  Health,  Education  and  Welfare, 
1974).  Presently,  gross  observations  for 
neurotoxicity  are  an  integral  part  of  almost 
every  toxicity  study. 

Some  organophosphorus  compounds  are 
known  to  cause  a  delayed  locomotor  ataxia 
in  man.  This  neurotoxic  effect  has  not  been 
readily  observed  in  rats  but  does  occur  in 
hens.  Pesticides  that  are  organophosphorus 
compounds  may  be  studied  for  their  ability 
to  produce  a  delayed  neurotoxic  effect  in 
bens  (Davies  et  al.,  1960;  British  Working 
Documents  1967). 

Acceptable  Protocols  and  Methods 

British  Working  Documents.  Oct.  1967.  No.  2. 
Test  for  Neurotoxicity  of  Organophos¬ 
phorus  C<Mnpounds,  Ministry  of  Agricul¬ 
ture,  Fisheries  and  Food.  London. 

General  Refereruses 

Davies,  D.  R.,  P.  Holland  and  M.  J.  Rumens. 
1960.  The  relationship  between  the  chemi¬ 
cal  structure  and  neurotoxicity  of  alkyl 
organophoqiborus  compounds.  Brit.  J. 
Pharmacol.  16:271-278. 

UB.  Department  of  HealUi,  Education  and 
Welfare.  1974.  Worker  exposure  to  pesti¬ 
cides  in  behavicH'al  toxicology.  Session  ni. 
Pages  147-193  tn  C.  Xlntaras,  B.  L.  Jc^nson 
and  I.  deOroot,  eds.  Early  Detection  of  Oc¬ 
cupational  Hazards.  HEW  Publ.  No.  (Na¬ 
tional  Institute  of  Occupational  Safety 
and  Health)  74-126.  USOPO  Washington. 
D.C. 

METHODS  FOB  STUDT  OF  INTERACTIONS 

Pesticides  are  commonly  prepared  in 
formulations  prior  to  use.  The  excipients  of 
such  formulations,  although  not  usually  af¬ 
fecting  the  intrinsic  toxicity  of  the  pesticide 
itself,  may  alter  such  characteristics  as 
abs(M*ption.  The  influence  of  excipients  may, 
in  turn.  Influence  the  observed  toxicity,  re¬ 
sulting  in  an  increased  or  decreased  effect. 
Thus  protoc<^  tar  toxicity  studies  must 
evaluate  the  effect  of  the  formulation  as 
used,  and  care  must  be  exercised  if  any  ex- 
tr^iolatlon  is  made  tor  an  altered  formula¬ 
tion. 

Formulations  of  pesticides  will  also  often 
contain  synergists,  such  as  pipetonyl  bu- 
toxide,  or  a  mixture  of  one  or  more  aotive 
pesticides.  The  toxic  action  resulting  trota 
siich  combincdiMis  may  be  Indepeoxlent  for 
each  compound,  but  it  is  likely  that  a  more 
than  additive,  or  less  than  additive.  Joint 
toxic  action  may  be  observed.  The  basic  prin^ 
ciples  for  detecting  such  actionB,  often  called 
synergism,  potentlatUm  or  antagonism,  are 
described  in  the  literature  (Smyth  et  al., 
1969,  1970). 


The  task  of  studying  all  combinations  of 
pesticides  tor  unwanted  interactions  is  a 
physically  impossible  one.  Fortunately,  there 
is  an  understanding  of  the  biochemical 
mechanism  for  interaction  between  certain 
combinations  of  pesticides  that  are  known  to 
produce  more  than  additive  effects.  For  ex¬ 
ample,  it  has  been  recommended  that 
“studies  on  the  inhibition  of  plasma  and  liver 
allesterase  should  be  required  on  all  anti¬ 
cholinesterase  pesticides"  (Mrak  Commission 
1969;  Su  et  al.,  1971;  Murphy  and  Cbeever, 
1972;  Cohen  and  Murphy,  1974).  Another  im¬ 
portant  mechanism  for  the  interaction  of 
pesticides  with  other  pesticides,  drugs  and 
other  environmental  chemicals  is  the  altera¬ 
tion  of  the  microsomal,  drug-metabolizing 
enzymes  of  the  liver  and  possibly  other 
organs.  The  ability  of  a  pesticide  to  induce 
such  enzymes  will  often  be  a  part  of  the 
studies  on  mechanisms  of  pesticide  toxic 
action. 

Although  specific  protocols  must  be  de¬ 
signed  for  individual  circumstances,  it  is 
prudent  to  evaluate  the  significance  of  these 
Interactions,  as  man  may  be  exposed  to 
multiple  environmental  chemicals  when 
using  pesticides  (Mrak  Commission,  1969; 
Conney  and  Bums,  1972) . 
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METHODS  FOB  STUDT  OF  REENTBT  INTERVALS 

A  number  of  sporadic  episodes  of  acute 
adverse  effects  in  field  workers  have  been 
ascribed  to  toxic  levels  of  pesticide  residues 
on  plant  surfaces.  Although  no  deaths  have 
occurred,  many  workers  have  required  medi¬ 
cal  care  and  treatment.  The  establishment 
of  field  worker  reentry  Intervals  appears  to 
offer  a  practical  approach  to  preventing 
worker  exposure  to  hazardous  residue  levels. 

At  present  It  is  not  possible  to  Identify, 
in  the  agricultural  work  place,  a  single  or 
reliable  indicator  for  establishing  adequate 
reentry  Intervals.  Nor  is  it  possible  to  pre¬ 
cisely  enumerate  all  variables  in  the  sgrlcul- 
turat  environment  influencing  residues  and 
their  potential  availability  to  field  workers. 
For  these  reasons,  research  designs,  protocols 
and  techniques  are  still  in  the  developmental 
phase.  A  presentation  of  the  present  state  of 
the  art,  recent  experimentcil  activity  and 


suggested  approaches  may  be  foimd  in  the 
Report  of  the  Task  Group  on  Occupational 
Exposure  to  Pesticides  (1974). 

Establishment  of  reentry  intervals  for  a 
specific  pesticide-crop-cultural  practice  com¬ 
bination  is  currently  conceived  as  a  2-step 
process:  (1)  postulating  a  reentry  interval: 
and  (2)  testing  the  postulated  Interval  in 
the  field.  Data  used  in  step  1  must  be  related 
to  the  factors  which  are  known  to  Influence, 
or  are  suspected  of  influencing,  the  level  of 
residues,  their  modification  and  persistence. 
Some  of  these  factors  are:  (1)  The  physical 
and  chemical  properties  of  the  applied  prod¬ 
uct;  (2)  the  method,  rate  and  frequency  of 
application;  (3)  the  dermal,  inhalation  and 
oral  toxicity  of  residues  to  which  the  worker 
is  exposed;  (4)  the  environmental  and  me- 
teorologlc  conditions  which  affect  the  pesti¬ 
cide  or  its  breakdown  products;  and  (6)  the 
route,  degree  and  duration  of  worker  expo¬ 
sure  to  the  residues  as  influenced  by  cul¬ 
tural  and  harvesting  practices  for  the  treated 
crop.  All  available  information  relevant  to 
the  toxicology,  degradation  rate  of  the  pesti¬ 
cide  residues,  worker  exposure  potential  as 
it  relates  to  cultural  practices,  and  meteoro¬ 
logical  conditions  are  used  to  postulate  a 
reentry  interval. 

The  correlation  of  environmental  factors 
as  they  affect  cultural  practices,  the  degree 
of  worker 'exposure  and  the  adverse  response 
of  workers  to  pesticide  residues  is  not  clearly 
understood.  Therefore,  at  least  2  data  col¬ 
lecting  sites  that  differ  in  climatic,  crop  cul¬ 
tural  and  edaphlc  conditions  must  be  se¬ 
lected  because  data  collected  in  one 
geographical  area  may  not  be  relevant  to 
another  with  different  environmental  con¬ 
ditions.  With  proper  planning,  these  sites 
may  be  the  same  sites  chosen  for  collecting 
tolerance  residue  data. . 

Before  applying  the  pesticide,  the  investi¬ 
gator  should  obtain  the  spray  history  of  the 
plot  to  insure  that  pre-existing  residues  will 
not  affect  the  experimental  results.  The 
actual  application  operation  must  be  care¬ 
fully  supervised  to  Insure  that  quantities 
delivered  are  consistent  with  proposed  or 
actual  label  recommendations.  Further,  the 
application  should  be  made  in  the  season  and 
at  the  frequency  dictated  by  pest  manage¬ 
ment  requirements. 

Meteorological  data  in  the  area  contain¬ 
ing  the  plot  should  be  recorded  daily  between 
application  of  the  pesticide  and  completion 
of  the  experiments.  Usually  there  is  a 
weather  station  nearby  which  will  record 
dally  high  and  low  temperatures,  rainfall, 
humidity,  wind  and  light  intensity.  If  the 
growth  characteristics  of  the  treated  crop 
produce  microenvironmental  conditions 
which  differ  from  those  usually  encountered 
in  the  area,  data  collection  at  the  plot  site 
is  essential. 

Chemical  analysis  for  reentry  data  must 
Include  the  levels  of  dislodgable  residues  for 
active  substances  applied  to  the  crop  and 
their  major  breakdown  products.  A  dislodga¬ 
ble  residue  is  one  which  is  easily  removed 
from  the  plant  surface  by  a  simple  wash  and 
is  thereby  distinguished  from  residues  re¬ 
leased  from  within  the  leaf  or  its  surface 
waxes  by  organic  solvent  or  homogenization. 
The  latter  are  normally  not  available  for 
worker  exposure.  Sampling  must  be  frequent 
enough  to  define  a  decline  curve  of  the 
residues,  including  any  plateau  which  may 
occur  with  time.  The  final  result  of  the 
analysis  should  be  a  measure  of  residue 
potential  expressed  in  mg  or  /ug  of  the  pesti¬ 
cide  and  its  toxic  degradation  products  cm 
sq  of  plant  surface.  Samples  must  be  col¬ 
lected  from  soil  in  the  plot  and  developed 
in  the  same  manner,  since  recent  evidence 
indicates  that  dust  may  be  a  significant 
dermal  and  respiratory  route  of  exposure  for 
field  workers.  Oimtber  et  al.  (1973)  present 
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a  set  of  procedxires  for  establishing  dL<ilodga> 
ble  residue  values  on  citrus.  Also  Included  in 
this  reference  are  discussions  of  sampling 
procedures  and  a  description  of  leaf  pimches 
used  In  sample  collection.  Although  addi¬ 
tional  research  may  uncover  other  methods 
more  predictive  of  the  respiratory  and 
dermal  dose  variables,  at  present  these  tech¬ 
niques  appear  to  be  most  suitable. 

Air  sampling  should  be  carried  out  while 
the  crew  Is  actually  at  work  In  the  field  The 
objective  Is  to  define  the  respiratory  dose 
potential  at  the  breathing  zone  of  the 
worker.  Investigators  should  consult  with  ex¬ 
perienced  Industrial  hygienists  for  this  phase 
of  the  experiment. 

The  dlscxisslon  thus  far  Is  related  to  the 
data  to  be  considered  with  the  toxicology  in¬ 
formation  In  establishing  a  postulated  re¬ 
entry  Interval.  Testing  this  Interval  Is  an 
occupational  health  problem  requiring  qual¬ 
ified  professionals  in  this  field.  Research  In¬ 
volving  htunan  subjects  raises  a  host  of  ques¬ 
tions;  medical  and  ethical  considerations  are 
of  partlcvilar  concern.  If  appropriate  proce¬ 
dures  are  followed,  the  risk  to  participants 
can  be  held  within  acceptable  limits  and  the 
results  can  serve  to  reduce  the  hazard  to  all 
field  workers  exposed  In  the  co\u*se  of  routine 
cultural  operations.  The  recommendations 
made  by  the  Task  Group  on  Occupational 
Exposure  to  Pesticides  contain  guiding  prin¬ 
ciples  and  suggestions  for  experimental  de¬ 
signs  In  this  area. 
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Part  vn — Hazard  Evaluatiok 
SUBFART  B — ^AQUATIC  TOXICOLOGY 

Terminology 

Acute  toxicity  test  refers  to  a  test  con¬ 
ducted  to  determine  the  concentration  of 
toxicant  in  water  which  causes  a  defined 
effect  (usually  mortality,  but  sometimes 
other  effects,  such  as  reduced  shell  deposition 
In  oysters)  on  60  percent  of  the  exposed 
pc^matlon  In  some  short  time  Interval,  typ¬ 
ically  48  or  96  hr. 

Chronic  toxicity  test  refers  to  an  experi¬ 
ment  In  which  the  test  animal  Is  cultmed 
In  the  presence  of  toxicant  from  egg  to  egg 
or  from  one  stage  in  the  life  cycle  to  the  same 
stage  In  the  next  generation.  Various  param¬ 
eters,  Including  survival  growth  rate,  loco¬ 
motor  activity,  behavior  changes  and  repro¬ 
ductive  effects  are  measiued  to  determine  the 
effects  of  prolonged  exposure. 

Experiments  extending  over  Intermediate 
lengths  of  time  are  referred  to  as  subacute 
toxicity  tests  or  partial  chronic  tests.  Sub¬ 
acute  toxicity  usually  Indicates  adverse 
effects  of  a  toxicant  that  occur  after  expo¬ 
sures  of  m<Bre  than  1  wk  but  not  through 
an  entire  life  cycle.  Examples  of  subacute 
effects.  In  addition  to  mortality,  include  Im¬ 
paired  growth  ox  locomotor  activity,  behav¬ 
ioral  changes,  predator  avoidance,  and  patho¬ 
logical  changes.  A  partial  chronic  test  Is  an 


experiment  which  Includes  the  reproductive 
phase  but  not  all  stages  in  the  life  cycle  of 
one  generation  of  the  species  tested. 

The  term  biological  uptake  is  used  to  refer 
to  the  Incorporation  of  a  pesticide  Into  the 
tissue  of  a  test  species  after  exposure  to  the 
pesticide  In  water. 

Food  chain  transfer  refers  to  uptake 
through  the  food  as  distinct  from  uptake 
from  water.* 

Because  some  methods  have  not  been  as 
well  tested  and  accepted  as  ^hers,  each 
method  Included  In  this  subpart  has  been 
characterized  as  routine,  tentative  or  de- 
velopmentiU.  The  characterizations  are  not 
Intended  to  imply  that  a  routine  method  Is 
the  best  or  only  method  or  that  a  develop¬ 
mental  method  yields  lees  valid  results,  but 
rather  to  Indicate  the  degree  of  past  usage 
and  acceptance  of  a  method. 

1.  Routine  Method.  The  method  has  been 
used  by  Innumerable  toxicologists  and  other 
investigators  over  an  extended  time  period 
with  a  wide  variety  of  toxicants.  Application 
of  the  method  has  become  relatively  uniform 
In  testing  laboratories,  although  a  high  de¬ 
gree  of  technical  skill  is  necessary  at  least  In 
some  cases.  The  data  output  for  a  given  com¬ 
pound  tested  in  different  laboratories  can  be 
expected  to  be  similar. 

2.  Tentative  Method.  The  method  has  been 
used  by  2  or  more  toxicologists  over  a  period 
of  several  years  with  a  limited  number  of 
toxicants.  There  is  no  consensus  among  toxi¬ 
cologists  on  the  detailed  application  of  the 
method  or  sufficient  Information  to  show  that 
the  data  output  In  interlaboratory  tests 
would  be  consistent. 

3.  Developmental  Method.  The  method  has 
been  proposed  by  1  or  a  few  toxicologists  and 
used  to  test  a  few  compounds  by  the  original 
researcher  (s) .  There  Is  no  consensus  that  the 
method  provides  appropriate  data  or  that 
modifications  of  the  method  wovfid  not  be 
appropriate.  Techniques  Involved  may  not  be 
well-known  to  other  toxicologists,  and,  there¬ 
fore,  other  toxicologists  may  reqxilre  con¬ 
siderable  experience  with  the  method  before 
they  can  obtain  consistent  results. 

The  tests  for  which  protocols  are  presented 
are  listed  below  with  an  Indication  of  the 
category. 


Toxicity  Tests: 

Acute: 

Freshwater  fish _  Routine 

Marine  fish _  Routine 

Freshwater  Invertebrate  Routine 

•Marine  Invertebrate _  Routine 

Chronic: 

Fathead  minnows _  Routine 

Sheepshead  minnow _  Developmental 

Daphnia _  Developmental 

Midge _  Tentative 

Partial  Chronic: 

Brook  trout _  Tentative 

Bluegill  _  Developmental 

Acciunulation  Tests: 

Biological  uptake _  Tentative 

Food  chain  transfer _  Developmental 

Field  Methods _  Developmental 


CONSIDERATIONS  FOR  MARINE  TOXICITY  TESTING 

The  general  faulty  requirements  for  a  tox¬ 
icology  test  laboratory  Identified  In  the  meth¬ 
ods  for  freshwater  systems  apply  also  to 
marine  systems.  Whenever  possible,  natural 
sea  water  should  be  used. 

Delivery  of  sea  water  to  the  laboratory  is 
simple  In  principle  but  frequently  difficult 
In  fact.  Subsurface  water  Is  typically  pumped 
Into  the  laboratory  through  2-4  in.  plastic 
pipes  (PVC  with  PVO  or  nylon  connectws) 
to  prevent  Introduction  of  toxic  metals.  The 
pump  should  have  a  stainless  steel  Impeller. 
No  other  metal  should  be  in  contact  with  the 
sea  water.  The  volume  of  flow  should  exceed 
the  volume  required  tor  all  tests  by  a  con¬ 
siderable  margin. 


Because  fouling  organisms,  such  as  bar¬ 
nacles,  sea  squirts,  oysters,  etc.,  will  enter  the 
lines  as  larvae  and  settle  In  the  pipes  and  re¬ 
duce  flow  and  Increase  turbidity,  a  dual  sys¬ 
tem  of  pump  and  pipes  Is  usually  Installed. 
One  line  may  then  be  turned  off,  drained, 
filled  with  fresh  water,  or  simply  let  stand 
for  a  period,  and  back  flushed,  while  the 
other  line  supplies  the  laboratory.  Lines 
should  be  rotated  on  a  regular  basis  to  safe¬ 
guard  against  fouling  and  to  exercise  the 
pump.  Details  of  systems  found  practical  In 
various  situations  are  described  by  Clark  and 
Clark  (1964),  but  Improved  systems  con¬ 
tinue  to  be  designed  (E)eBen  1970;  White  et 
al.  1973).  Various  marine  laboratories  around 
the  country  can  advise  on  system  design. 

Natural  sea  water  should,  at  a  minimum, 
permit  the  maintenance  of  healthy  test  or¬ 
ganisms  for  the  period  required  for  labora¬ 
tory  acclimation  and  testing.  Since  oyster 
larvae  or  copepods  are  more  sensitive  to  many 
toxicants  than  other  species,  a  more  realis¬ 
tic  criterion  for  acceptable  sea  water  Is  that 
these  species  should  survive  and/or  develop 
normally  for  1  wk.  Several  other  criteria 
should  also  be  met  If  possible.  The  salinity 
of  the  water  should  be  greater  than  1596o, 
with  tidal  variations  less  than  59tio.  Turbidity 
should  be  minimal  to  simplify  water  delivery. 
Other  criteria  for  diluent  water  as  set  forth 
in  Stephan  et  al.  (1975)  should  also  be  met. 

In  cases  where  salinities  are  less  than 
15%o  or  diurnal  variations  are  great  (greater 
than  5%o) ,  ancillary  equipment  should  be  in¬ 
stalled  to  maintain  the  salinity  of  the  in¬ 
coming  water  at  a  desired  level.  This  can  be 
accomplished  by  controlled  addition  of  a 
brine  prepared  with  an  artificial  sea  salt  mix¬ 
ture  (Wood  1965;  DeBen  1970).  In  situations 
where  high  turbidity  Is  encountered,  filtra¬ 
tion  may  be  desirable,  using  either  a  rapid 
sand  system  (White  et  al.,  1973)  or  Indus¬ 
trial  filter  cartridges.  The  water  may  be  ster¬ 
ilized  by  passage  over  ultraviolet  light  (e.g., 
Shelboume  1962).  Commercial  ultraviolet 
sterilizers  are  also  available. 

Instrumentation  Is  necessary  to  determine 
salinity  on  a  routine  basis.  Of  the  methods 
available,  titration  of  chloride  with  silver 
nitrate  (Strickland  and  Parsons,  1968),  re- 
fractometric  methods  or  the  conductivity 
method  are  preferable  because  of  their  ac¬ 
curacy.  The  latter  method  has  the  greatest 
accuracy,  requires  the  least  amount  of  time 
and  can  be  used  as  an  on-line  monitor.  Con¬ 
ductivity  salinometers  are  commercially 
available.  A  supply  of  Standard  Sea  Water  Is 
necessary  for  calibration  purposes  (available 
from  the  Supply  Department,  Marine  Bio¬ 
logical  Laboratory,  Woods  Hole) . 

Acute  tests  in  static  systems  can  be  con¬ 
ducted  with  artificial  sea  water,  since  only 
small  volumes  of  water  are  required.  Several 
artificial  sea  salt  preparations  are  available 
commercially.  Instant  Ocean®  (Aquarium 
Systems,  Inc.)  has  been  shown  by  many  In¬ 
vestigators  to  be  suitable  for  the  culture  of 
many,  though  not  all,  marine  Invertebrates 
and  fishes.  However,  variability  in  the  salt 
mixture  may  arise  as  a  result  of  changes  In 
the  formulation,  and  all  preparations  should 
be  tested  for  toxicity  before  use  in  toxicity 
tests. 

Commercial  artificial  sea  water  prepara¬ 
tions  have  been  found  Inadequate  for  studies 
involving  some  marine  molluscs  and  espe¬ 
cially  their  larvae.  Several  suitable  formula¬ 
tions  from  technical  grade  chemicals  have 
been  reported  In  the  literature.  An  appro¬ 
priate  formula  Is  Included  In  Stephan  et  al. 
(1975). 

The  report  by  Stephan  et  al.  (1975)  Indi¬ 
cates  the  desirability  of  testing  marine  orga¬ 
nisms  at  salinities  of  8,  15  and  85%o  to  de¬ 
termine  the  effect  of  salinity  on  acute  tox¬ 
icity.  It  should  be  noted  that  these  salinities 
are  outside  the  tolerance  range  of  some  spe¬ 
cies.  The  range  of  salinity  tested  should  be 
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within  the  tolerance  range  of  the  test 
cies,  and  the  test  animals  should  be  carefully 
acclimated  several  days  prior  to  the  test. 
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Exhibit  1 

TENTATIVE  PROCEDURE  FOR  DAPHNIA  MAGNA 
CHRONIC  TESTS  IN  A  STANDING  SYSTEM 

By  Kenneth  E.  Bleslnger.  EPA  National  Water 
Quality  Laborat<Nry,  Duluth,  Minnesota 

A.  Physical  system 

1.  Test  containers.  Two-hundred  and  fifty 
ml  beakers  containing  3(X>  ml  of  test  water 
are  recommended. 

2.  Toxicants.  Toxicant  mixing  is  best  ac¬ 
complished  in  one  or  two  liter  flasks  which 
can  then  be  poured  into  test  containers. 
The  toxicant  must  be  renewed  each  week; 
this  is  best  accomplished  by  setting  up  clean 
beakers  with  the  food  and  toxicant  added, 
and  then  transferring  adult  diq>hnld8.  Ana¬ 
lytical  testing  of  toxicant  concentrations 
must  be  made  at  the  beginning  and  at  the 
end  of  each  week;  if  the  compound  is  volatile 
then  intermediate  analysis  are  needed. 

3.  Duplication.  For  each  test  four  beakers 
each  containing  five  daphnlds  must  be  run 
for  each  concentration  tested  as  well  as  for 
the  control  (i.e.,  the  test  must  be  run  in 
quadruplicate ) . 

4.  Replication.  Three  separate  tests  must 
be  for  each  toxicant. 

5.  Aeration.  Aeration  is  not  recommended. 

6.  Cleaning.  All  glassware  must  be  thor- 
ou^y  washed  and  rinsed  with  distilled 
water.  Test  containers  and  flasks  must  have 
an  additional  three  rinses  with  the  water 
to  be  tested  Just  before  a  test  is  to  be  initi¬ 
ated.  Ftw  testing  ot  metals  an  Intermediate 
half  hour  soaking  of  glassware  in  20%  nitric 
acid  is  needed.  For  testing  of  organic  com¬ 


pounds  an  intermediate  thorough  rinsing  of 
glassware  by  acetone  is  needed. 

7.  Solvents.  If  scflvents  are  used  with  or¬ 
ganic  toxicants  the  same  amount  of  solvent 
must  be  added  for  each  concentration  of  the 
toxicant  to  be  tested.  In  addition  to  a  water 
control  a  solvent  control  must  also  be  tested. 

8.  Light  and  photoperiod.  Fluorescent 
bulbs  using  a  combination  of  Durotest  (Op¬ 
tima)  and  wide  spectrum  Cb'ow-lux  bulbs 
with  a  16  hour  photoperiod  (automatically 
controlled)  are  recommended. 

9.  Temperature.  A  temperature  of  18±1*  C 
Is  recommended. 

10.  Toxic  materials.  Use  of  dechlorlnated 
tap  water  is  not  recommended;  a  concen¬ 
tration  of  less  than  1  /4g/l  chlorine  will  result 
in  death  to  daphnlds.  Rubber  and  many 
other  commonly  used  laboratory  apparatus 
are  toxic  to  daphnlds;  the  toxicity  of  any 
questionable  material  may  be  tested  for  three 
weeks  and,  if  there  is  something  toxic,  it  wUl 
be  evident  by  noting  a  reduction  in  young 
production  if  not  mortality.  Plastics  are  not 
suitable  for  testing  of  organic  compounds. 
Silicone  rubber  cement  is  nontoxic  with  suf¬ 
ficient  leaching. 

B.  Biological  system. 

11.  Acclimation.  Laboratory  raised  animals 
may  be  tested  at  any  time.  Daphnia  collected 
in  the  field  should  bo  reared  through  two 
generations  before  commencing  chronic 
studies. 

12.  Food  and  feeding.  A  suspension  of  food 
(1  ml/1)  should  be  fed  once  weekly  when  the 
toxicant  is  renewed.  We  recommend  adding 
a  suspension  of  food  containing  Cerc^hyll 
and  trout  fry  granules.  The  food  suspension 
is  prepared  by  weighing  out  0.5  grams  of 
Cerophyll  and  10  grams  of  enriched  trout 
fry  granules.  These  are  added  to  250  ml  of 
lake,  well,  or  river  water  and  mixed  vigor¬ 
ously  in  a  blender  for  five  minutes.  The  sus¬ 
pension  is  then  strained  through  stainless 
steel  screen  (105  mesh  with  0.165  inch  open¬ 
ings);  and  an  additional  60  ml  of  water  is 
used  to  rinse  the  blender  and  added  to  the 
above  suspension.  The  food  thus  prepared  Is 
stored  in  a  refrigerator  and  thoroughly  mixed 
each  time  an  aliquot  is  withdrawn. 

13.  Testing  methods.  It  is  recommended 
that  young  daphnlds,  12h>:12  hours  old  (If 
reared  at  18*C)  be  placed  in  test  chambers 
and  subjected  to  test  conditions  for  three 
weeks.  Daphnlds  should  be  transferred  with 
an  eye  dripper  into  clean  cemtainers  each 
week.  Survival  of  the  initial  animals  added 
should  be  noted  after  one  week,  two  weeks, 
and  three  weeks.  R^roductlon  should  be 
noted  by  counting  the  young  produced  each 
week;  the  young  should  be  counted  and  dis¬ 
carded  each  time  the  Initial  animals  are 
transferred  and  at  the  end  of  each  experi¬ 
ment.  It  is  recommended  that  five  daphnlds 
be  placed  In  200  ml  of  water  In  250  ml  beak¬ 
ers.  Four  beakers  should  be  used  with  a  total 
of  20  animals  for  each  experimental  condi¬ 
tion  for  each  test.  The  beakers  must  be  ran¬ 
domly  distributed  on  a  shelf  and  re-random- 
Ized  each  week.  The  beakers  must  be  covered 
with  a  pane  of  glass  and  placed  in  a  tray  of 
water  to  minimize  evaporation. 

14.  Concentrations.  The  number  of  con¬ 
centrations  to  be  tested  should  be  from  four 
to  eight  depending  on  the  toxicant  and  the 
effects  to  the  initial  animals  as  well  as  to 
the  effects  on  reproduction.  Initial  concen¬ 
trations  tested  should  be  designed  to  bracket 
published  results  (l.e..  above  and  below); 
however,  as  diqihnids  have  not  been  tested  on 
a  chronic  basis  to  many  toxicants,  experi¬ 
ments  often  have  to  be  repeated  befewe  ar¬ 
riving  at  “no  effect”  levels.  After  delineating 
the  concentrations  to  be  tested,  three  suc¬ 
cessful  tests  should  be  run  for  each  toxicant 
in  which  sixty  animals  would  be  texted  for 
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each  concentration.  Adult  survival  In  the 
control  water  must  be  70%  or  more  after 
three  weeks  for  the  test  to  be  valid. 

16.  Statistical  evaluations.  Statistical  eval¬ 
uations  of  results  for  adults  may  be  made 
using  the  method  of  Litchfield  and  Wllcoxon 
(1940)  for  establishing  approximations  of  the 
06%  confidence  limits  for  survival.  Seml- 
logarlthmlc  probability  paper  Is  used  for 
analyzing  results.  The  terminology  recom¬ 
mended  by  Sprague  (1969)  is  used  for  sur¬ 
vival  (lethal  concentration =LC)  and  rep¬ 
resents  three  or  more  partial  effect  concen¬ 
trations. 

Statistical  evaluations  of  results  for  young 
may  be  made  using  an  Analysis  of  Variance 
on  the  young  produced  during  three  weeks 
of  exposure  by  combining  three  tests  and 
determining  the  sources  of  variation  due  to: 
Experiments,  treatments,  and  experiments 
X  treatments.  Dunnett’s  Test  (P  =  .06)  Is  rec¬ 
ommended  to  find  the  concentrations  sig¬ 
nificantly  different  from  the  control. 
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Exhibit  2 

TXNTATIVI  FKOCXDTTRX  FOB  DAPHNIA  MAGNA 
CHRONIC  TESTS  IN  A  FLOWINO  SYSTEM  BT 
KENNETH  E.  BIESINCER.  EPA  NATIONAL  WATER 
QUALITT  LABORATORY,  DULUTH,  MINNESOTA 

A.  Physical  system. 

1.  Diluter.  Proportional  dlluters  (Mount 
and  Brungs,  1967)  (or  other  suitable  delivery 
devices)  should  be  employed  for  testing  to 
obtain  the  most  toxic  conditions.  A  series  of 
two  dlluters  should  be  employed:  the  first 
for  adding  food  and  the  second  for  adding 
toxicants.  If  solvents  are  added  then  hiod- 
Iflcations  of  the  diluter  should  be  made  to 
enable  adding  the  same  amount  of  solvent 
for  each  concentration;  this  Is  most  easily 
accomplished  by  having  separate  toxicant 
injectors  for  each  concentration  to  be  terted. 

2.  Toxicant  mixing.  A  container  to  promote 
mixing  of  toxicant  with  water  should  be 
used  between  the  diluter  and  the  tanks  for 
each  concentration.  Separate  delivery  tubes 
should  run  from  this  container  to  each 
quadruplicate  tank.  The  same  amount  of 
water  and  toxicant  must  be  added  to  each 
quadruplicate  tank;  the  same  volume  must 
be  added  to  all  tanks. 

3.  Quadruplicates.  Use  true  quadruplicates 
fat  each  tank  concentration  (there  should 
be  no  tank  water  connections  between  any  of 
the  four  tanks).  The  location  of  each  test 
tank  should  be  determined  by  stratified  ran¬ 
dom  assignment. 

4.  Each  tank,  preferably  all  glass  (we  use 
battery  jars),  should  contain  at  least  two 
liters  of  water.  Drainage  Is  most  easily  ac¬ 
complished  by  cutting  a  two  inch  notch  at 
the  top  of  the  Jars  and  attaching  stainless 
steel  screen  ( 106  mesh  with  0.166  inch  open¬ 
ings)  by  silicone  rubber  cement  over  the 
openings. 

6.  Flow  rate.  Flow  rates  for  each  tank 
should  be  2-4  tank  volumes/24  hrs.  If  a 
diluter  Is  adding  more  than  60  ml/cycle  then 
a  purge  chamber  Is  recommended  (l.e.  an 
Intermediate  tank  having  a  siphon  going  into 
each  test  tank). 

6.  Aeration.  Aeration  Is  not  recommended. 
Total  dissolved  oxygen  levels  should  never 
be  allowed  to  drop  below  80%  saturation. 

7.  Cleaning.  The  dlluters  and  test  tanks 
must  be  thoroughly  cleaned  once  each  week. 
The  test  tanks  are  most  easily  cleaned  by 


setting  up  new  tanks  and  transferring 
daphnlds  with  an  eye  dropper. 

8.  Light  and  photoperiod.  Fluorescent  bulbs 
using  a  combination  of  Durotest  (Optima) 
and  wide  spectrum  Orow-lux  bulbs  with  a 
16  hour  photoperiod  (automatically  con¬ 
trolled)  are  recommended. 

9.  Temperature.  A  temperature  of  18±1®C 
Is  recommended. 

10.  Toxic  materials.  Testing  In  dechlorl- 
nated  tap  water  Is  not  recommended;  a  con¬ 
centration  of  <  l/tg/l  chlorine  will  result  In 
death  to  daphnlds.  Rubber  and  many  other 
commonly  used  laboratory  apparatus  are 
toxic  to  daphnlds;  the  toxicity  of  any  ques¬ 
tionable  material  may  be  tested  In  standing 
systems  for  three  weeks  and.  If  there  Is  some¬ 
thing  toxic.  It  will  be  evident  by  noting  a 
reduction  In  young  production  If  not  mortal¬ 
ity.  Plastics  are  not  suitable  for  testing  of 
organic  compounds.  Polyvinyl  chloride  tub¬ 
ing  and  silicone  rubber  cement  are  nontoxic 
with  sufficient  leaching  and  therefore,  these 
materials  along  with  glass  are  recommended 
for  all  testing. 

B.  Biological  system. 

11.  Acclimation.  Laboratory  raised  animals 
may  be  tested  at  any  time.  Daphnia  collected 
In  the  field  should  be  reared  through  two 
generations  before  commencing  chronic 
studies. 

12.  Food  and  feeding.  A  suspension  of 
food  should  be  fed  continuously.  We  recom¬ 
mend  adding  a  suspension  of  food  contain¬ 
ing  powdered  dried  grass  or  alfalfa  leaves 
and  trout  fry  granules.  The  amount  to  add 
will  depend  on  the  organic  enrichment  of 
the  water  being  tested.  The  food  suspen¬ 
sion  Is  prepared  by  weighing  out  0.6  grams 
of  powdered  dried  grass  and  10  grams  of  en¬ 
riched  trout  fry  granules.  These  are  added  to 
260  ml  of  lake  or  river  water  and  mixed 
vigorously  in  a  blender  for  five  minutes.  The 
suspension  is  then  strained  through  stain¬ 
less  steel  screen  (106  mesh  with  0.166  inch 
openings) ;  and  an  additional  60  ml  of  water 
is  used  to  rinse  the  blender  and  added  to  the 
above  suspension.  The  food  thus  prepared  Is 
stored  In  a  refrigerator  and  thoroughly  mixed 
each  time  an  aliquot  is  withdrawn.  A  mari- 
otte  bottle  with  a  mechanical  stirrer  Is  used 
to  deliver  food  to  the  diluter;  the  food 
suspension  Is  renewed  every  three  days. 

13.  Testing  methods.  It  is  recommended 
that  young  daphnlds,  12  ±  12  hours  old  be 
placed  In  test  chambers  and  subjected  to  test 
conditions  for  three  weeks.  Daphnlds  should 
be  transferred  with  an  eye  drc^per  into 
cleaner  containers  each  week.  Survival  of  the 
Initial  animals  added  should  be  noted  after 
one  week,  two  weeks,  and  three  weeks.  Re¬ 
production  should  be  noted  by  counting  the 
young  produced  each  week;  the  young  should 
be  coimted  and  discarded  each  time  the  Ini¬ 
tial  animals  are  transferred  and  at  the  end 
of  each  experiment.  It  is  recommended  that 
five  daphnlds  be  placed  In  2  liters  of  water 
In  battery  Jars.  Four  battery  Jars  should  be 
used  with  a  total  of  20  animals  for  each  ex¬ 
perimental  condition  for  each  test.  The  bat¬ 
tery  Jars  must  be  randomly  distributed  on  a 
shelf. 

14.  Concentrations.  The  number  of  con¬ 
centrations  to  be  tested  should  be  from  four 
to  eight  depending  on  the  toxicant  and  the 
effects  to  the  Initial  animals  as  well  as  to  the 
effects  on  reproduction.  Initial  concentra¬ 
tions  tested  should  be  designed  to  bracket 
published  results  (l.e.,  above  and  below); 
however,  as  daphnlds  have  not  been  test^ 
on  a  chronic  basis  to  many  toxicants,  experi¬ 
ments  often  have  to  be  repeated  before  ar¬ 
riving  at  "no  effect"  levels.  After  delineating 
the  concentrations  to  be  tested,  three  suc¬ 
cessful  tests  should  be  run  for  each  toxicant 
In  which  sixty  animals  would  be  tested  for 


each  concentration.  Adult  survival  In  the 
control  water  must  be  70%  or  more  after 
three  weeks  for  a  test  to  be  valid. 

16.  Statistical  evaluations.  Statistical  eval¬ 
uations  of  results  may  be  made  using  an 
Anal3rals  of  Variance  on  the  young  produced 
during  three  weeks  of  exposure  by  combin¬ 
ing  three  tests  and  determining  the  sources 
of  variation  due  to:  Experiments,  treatments 
and  experiments  X  treatments.  Dunnett’s 
Test  (P=:.06)  Is  recommended  to  find  the 
concentrations  significantly  lower  than  the 
control.  Fot  adult  survival  either  the  method 
of  Litchfield  and  Wllcoxon  (1949)  or  that 
given  in  American  Public  Health  Ass’n 
"Standard  Methods”  may  be  used. 
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Exhibit  3 

CULTURING  METHODS  FOR  DAPHNIA  AND  CERTAIN 
OTHER  CLAOOCERANS  BY  KENNETH  E.  BIE- 
SINGER.  EPA  NATIONAL  WATER  QUALITY  LAB¬ 
ORATORY,  DULUTH,  MINNESOTA 

Cladocerans  are  cultured  In  lake  water  ^ 
(strained  through  stainless  steel  screen  hav¬ 
ing  105  mesh  with  0.165  openings),  in  a 
constant  temperature  room  at  18.6  ±1°C 
using  a  16  hr  automatically  controlled 
photoperiod.  Duro-Test  Optima  and  Gro- 
Lux  fiuorescent  bulbs  are  used  to  provide  a 
light  Intensity  of  —116  ft  c  at  the  air-water 
Interface.  Approximately  6-10  daphnlds  of 
mixed  age  i  young  and  adults)  are  trans¬ 
ferred  weekly  (using  a  wldemouth  medicine 
dropper)  into  each  liter  of  water  which  has 
been  allowed  to  equilibrate  to  room  tempera¬ 
ture  and  pressure  for  at  least  24  hrs.  The 
animals  are  fed  one  ml  food  *  per  liter  of 
water  when  transferred  and  again  after 
three  or  four  days.  For  Daphnia  magna, 
D.  pulicaria  (pulex)  and  other  large  cla¬ 
docerans,  glass  Jars  heading  —3  liters  of 
water  are  used;  for  smaller  cladocerans, 
glass  Jars  holding  from  1-2  liters  of  water 
are  used.  For  each  species  currently  being 
used  for  tests,  from  10-20  glass  Jars  are 
maintained  from  which  some  animals 
(above)  are  transferred  weekly  Into  clean 
containers.  Some  week  old  cultures  are  kept 
an  additional  week  as  spare  brood  stocks  and 
then  discarded,  although  animals  from  these 
are  not  used  for  tests.  By  keying  cladocerans 
in  the  growth  phase  at  all  times  overcrowd¬ 
ing,  male  production,  ephlppla  (resting 
eggs)  formation,  and  "crashes"  are  pre¬ 
vented.  Transferring  the  animals  weekly  Into 
clean  solutions  also  helps  control  excessive 
bacteria  and  algae  growths. 

Twenty-four  hours  before  setting  up  a 
test,  from  20-40  adult  cladocerans  with  large 
eggs  are  transferred  from  culture  Jars  Into 
other  Jars  containing  food  and  water  (1-2 
liters).  The  young  produced  during  the  fol¬ 
lowing  24  hr  time  period  are  used  for  start¬ 
ing  all  tests  by  transferring  them  Into  con¬ 
trol  and  test  solutions  in  Intermediate  con¬ 
tainers  (50  ml  beakers)  and  then  transfer¬ 
ring  them  again  Into  the  same  control  and 
test  solutions  In  containers  to  be  used  for 
tests. 

For  routine  tests  either  D.  magna  or  J>.  pw- 
licaria  (often  mlsldentlfled  as  D.  pulex)  are 
recommended.  In  addition  to  chronic  tests 
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(attached),  two  to  four  day  acute  tests  are 
recommended.  Acute  tests  may  be  evalu¬ 
ated  using  the  Litchfield  and  Wllcoxon  (1949) 
method  for  50%  lethal  concentrations  (LC- 
50’s) ,  or  “Standard  Methods”  for  median  tol¬ 
erance  limits  (TLM’s) . 

Footnotes 

» Well,  pond,  or  river  water  may  also  be 
used.  Dechlorinated  tap  water  is  not  recom¬ 
mended;  a  concentration  of  <1  ag/1  chlorine 
may  result  in  death  to  daphnids. 

*  The  food  suspension  is  prepared  by  weigh¬ 
ing  out  0£  grams  of  Cerophyll  and  10  grams 
of  enriched  trout  fry  (Glencoe  MUls)  gran¬ 
ules.  These  are  added  to  250  ml  of  lake,  well, 
or  river  water  and  mixed  vigorously  in  a 
blender  for  five  minutes.  The  suspension  is 
then  strained  through  stainless  steel  screen 
(105  mesh  with  0.165  Inch  openings)  forcing 
the  smaller  particles  through  with  a  spatula; 
and  an  additional  50  ml  of  water  is  used 
to  rinse  the  blender  and  added  to  the  above 
suspension.  The  food  thus  prepared  is  stored 
in  a  refrigerator  for  up  to  one  week  and 
thoroughly  mixed  each  time  an  aliquot  is 
withdrawn. 
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Exhibit  4 

TENTATIVE  CHRONIC  BIOASSAT  PROCEDURE  POR 
THE  MIDGE  "CHIRONOMUS  TENTANS”  BT  S. 
KROGH  DERR.  BIONOMICS,  EG  AND  G,  INC., 
WAEEHAM,  MASSACHUSETTS 

March,  1974. 

A.  Physical  Exposure  Systems. 

1.  Use  a  proportional  diluter  tor  the  chronic 
exposure  system  as  described  by  Moimt  and 
Brungs  (1967)  and  modified  to  deliver' 500 
ml  of  experimental  water  per  dilution  cycle. 
A  container  Is  necessary  to  promote  mix¬ 
ing  of  the  toxicant  solutions  before  delivery 
to  the  test  aquaria.  Separate  delivery  tubes 
should  lead  from  the  toxicant  mixing  cells  to 
the  respective  experimental  chambers. 

2.  Experimental  Chambers.  Use  true  dupli¬ 
cate  aquaria  for  each  toxicant  concentra¬ 
tion.  Placement  of  each  aquarium  should  be 
determined  by  a  stratified  random  assign¬ 
ment.  Experimental  aquaria  should  be  con¬ 
structed  with  all  glass  and  be  of  such  di- 
moislon  to  hold  3  liters  of  water.  Adequate 
screraiing  (aluminum)  should  be  placed  over 
each  aquariiun  to  retain  emergent  adults. 
The  flow  rate  to  each  chamber  should  be 
maintained  at  a  rate  equal  to  3  to  5  tank 
volumes  every  24  hours. 

3.  Temperature.  Diluent  toxicant  water  in 
the  aquaria  should  be  maintained  at  22± 
1*C  and  never  be  allowed  to  exceed  25*C. 

4.  Dissolved  oxygen  should  be  above  40- 
50%  saturation. 

6.  Photoperiod.  Maintain  exposure  day 
at  a  12-hour  light-dark  cycle.  Use 
a  combination  of  Oro-Lux  (wlde-spectrum) 
Durotest  (c^tlma  FS)  lights  providing 
an  Intensity  at  the  water  surface  of  70-140 
foot  candles  illumination. 

B.  Biological  Systems.  -- 

1.  Holding.  Maintain  all  experimental  ani¬ 
mals  In  a  40-60  1  all-glass  aquarium.  The 
holding  chamber  should  be  adequately  sup¬ 
plied  with  a  defined  substrate  and  aerated. 

2.  Food-Defined  Substrate.  A  substrate  of 
homogenized  p^;>er  hand  towel  (Nibroc  Co.) 
and  high  protein  poultry  or  trout  ration  Is 
required.  The  substrate  is  prepared  by  ho- 
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mogenizing  50  g  of  hand  towel  and  6  g  of 
the  selected  food  with  enough  water  to  cover 
the  mixture  In  a  Waring  Blendor.  The  sub¬ 
strate  is  then  placed  into  each  experimental 
aquarium  at  a  depth  of  ^  inch. 

3.  Analytical  Chemistry.  Concentration  of 
toxicant  will  be  measured  at  least  weekly  in 
each  experimental  unit,  by  appropriate  ana¬ 
lytical  method  to  determine  actual  e:q>osure 
levels. 

4.  Initiation  of  Chronic  Testt  (First  Gen¬ 
eration)  .  Place  one  hundred  eggs  from  1  egg 
mass  into  an  egg  cup  suspended  in  each 
experimental  aquarium  (12  aquaria  total). 
After  a  3-day  period  record  the  percent 
hatchability  and  pipette  the  first  instar  lar¬ 
vae  onto  the  defined  substrate.'  Allow  the 
larvae  to  develop,  pupate  and  emerge  in  the 
same  time  period  as  the  controls;  any  de¬ 
layed  or  retarded  developmental  time  in  any 
of  the  experimental  aquaria  would  be 
ascribed  to  treatment.  Collect  egg  masses 
from  those  treatments  that  realized  egg  dep¬ 
osition  in  the  same  time  period  as  the  con¬ 
trols  and  initiation  of  the  second  genera¬ 
tion  in  the  same  manner  as  the  first.  Addi¬ 
tional  food-enriched  substrate  should  be 
added  to  test  aquaria  after  first  generation 
emergence  occurs. 

Experimental  Indices  Include 

FIRST  generation 

1.  Percent  hatch 

2.  Number  of  pupae 

3.  Number  of  adults 

4.  Reproduction  and  egg  deposition 

5.  Developmental  time  of  larvae  when  com¬ 
pared  to  controls  ' 

SECOND  GENERATION 

6.  Percent  hatch 

7.  Number  of  pupae 

8.  Number  of  emergent  adults 

9.  Developmental  time  of  larvae  when 
compared  to  controls 
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Exhibit  5 

ENTIRE  LIFE-CTCLX  BIOASSAT  USING  SHEEPS- 
HEAD  MINNOWS  (CTPRINODON  VARIEGATUS)  * 
BT  DAVm  J.  HANSEN  AND  STEVEN  C.  SCHIMMEL. 
EPA,  GULF  BREEZE  ENVIRONMENTAL  RESEARCH 
LABORATORT,  GULF  BREEZE,  FLORIDA 

A.  Purpose.  The  purpose  of  this  procedure 
is  to  provide  a  method  of  determining  the 
effect  of  a  material  on  survival  of  sheeps- 
head  minnow  embryos  and  fry,  their  growth 
to  adulthood,  and  reproductive  success.  Re¬ 
productive  success  Is  measured  by  monitor¬ 
ing  the  ability  of  pairs  of  fish  to  spawn  na¬ 
turally,  their  fecundity,  fertilization  success 
and  survival  of  embryos  and  fry. 


'  After  pipetting  the  first  instar  larvae  onto 
the  substrate,  take  exceptional  precautionary 
measures  not  to  disturb  the  larvae  after  they 
have  constructed  their  respective  tubes. 

*Thls  iHocedure  has  been  used  at  the  Gulf 
Breeze  Environmental  Research  LabOTatory. 
This  Is  a  preliminary  draft.  It  has  not  been 
formally  reviewed  by  this  laboratory  and  is 
being  circulated  for  information  only. 


B.  Physical  Systems — 1.  Water  source,  a. 
The  source  of  test  water  Should  be  natural 
seawater  with  salinity  g  IS  */m.  It  may  be 
acceptable  to  add  artificial  sea  salts  to 
achieve  a  salinity  of  g  15  *  / oo  using  fresh¬ 
water  or  natural  seawater  with  a  salinity  of 
<  15  ’/oo. 

b.  Seawater  must  be  filtered  to  remove 
particles  15a  and  larger,  but  filtration  should 
not  affect  the  chemical  composition  of  the 
natural  seawater.  Filtration  must  remove 
planktonic  larvae  which  could  prey  upon 
eggs,  fry  and  Juvenile  fish  in  the  chronic 
bioassay. 

c.  Any  water  source  proposed  must  be  ana¬ 
lyzed  for  possible  pollutants  (e.g.,  pesticides, 
PC3s  and  heavy  metals) .  Special  determina¬ 
tions  should  be  made  for  those  toxicants 
being  investigated. 

2.  Dosing  apparatus.  A  number  of  appara¬ 
tus  would  be  acceptable  for  this  bloassay 
including  those  of  Mount  and  Brungs,  1967; 
Hansen  et  al.,  1971;  Hansen  et  al.,  1974  or 
Schimmel  et  al.,  1975. 

3.  Toxicant  mixing.  A  mixing  chamber  is 
necessary  to  assure  adequate  mixing  of  the 
test  material.  Aeration  should  not  be  used  for 
mixing. 

4.  Duplicates.  True  duplicates  should  be 
used  for  each  concentration  in  all  tests  (no 
water  connection  between  aquaria).  Aquaria 
location  should  be  by  random  selection. 

5.  Aquaria.  Each  duplicate  glass  aquarium 
should  be  large  enough  to  allow  for  growth 
and  reproduction.  Aquaria  measuring  30x90x 
30  cm  high  and  having  a  water  depth  of  15 
cm  have  been  used  successfully. 

6.  Embryo  and  fry  chambers,  a.  Embryo 
and  fry  chambers  should  be  constructed  to 
allow  for  adequate  exchange  of  water  and  to 
Insure  that  the  proper  quantity  of  material 
is  entering  the  chambers.  Embryo  chambers 
(incubation  cups)  can  be  constructed  from 
113  g..  5  cm,  OD  round  glass  or  beakers  with 
the  bottoms  cut  off.  The  bottoms  are  re¬ 
placed  with  40  mesh  stainless  steel  or  nylon 
screening.  Chambers  are  hung  on  an  oscil¬ 
lating  rocker  arm  apparatus  that  is  driven 
by  a  1-5  rpm  electric  motor  (Mount,  1968). 
These  chambers  must  be  brushed  dally  to 
prevent  clogging.  Chambers  may  also  be  con¬ 
structed  from  Petri  dishes  to  which  nylon 
or  stainless  steel  screen  is  glued  (Hansen  et 
al..  1974). 

b.  Embryo  and  fry  chambers  should  be  de¬ 
signed  so  that  the  water  can  be  drained  down 
to  2.5  cm  (1  inch)  in  order  to  facilitate 
growth  measurements  of  fry. 

c.  Embryo  and  fry  chambers,  volume  ^400 
ml,  may  be  supplied  test  water  by  (1)  sepa¬ 
rate  delivery  tubes  from  the  mixing  chamber, 
(2)  splitting  the  flow  firom  the  aquaria  or  (3) 
egg  cups  on  a  “rocker”  arm. 

7.  Flow  rate.  a.  Flow  rates  to  each  duplicate 

aquaria  should  be  great  enough  to  (1)  pro¬ 
vide  90%  replacement  In  8-12  hours 
(Sprague,  1969);  (2)  maintain  dissolved 

oxygen,  60%  saturation;  and  (3)  maintain 
the  toxicant  concentration. 

b.  The  test  sirstem  should  be  equipped  with 
an  alarm  system  to  insure  continuation  of 
water  and  toxicant  flow. 

8.  Photoperiod.  A  16-hour  light/8-hour 
dark  cycle  should  be  maintained  throughout 
the  test.  It  may  be  deslraUe  to  control  lights 
by  a  timing  switch  (Drummond  and  Daw¬ 
son,  1970). 

9.  Temperature.  Test  temperature  should 
be  maintsdned  at  30‘C  ( ±  1  C) .  Temperatures 
can  be  maintained  by  (1)  preheating  the 
diluent  water  to  the  prescribed  teiiq>erature, 
and/or  (2)  placing  the  test  aquaria  in  a 
temperature  controlled  water  bath. 

10.  Cleaning.  All  aquaria  should  be  cleaned 
whenever  organic  material  builds  up.  Aquaria 
should  be  brushed  down  and  siphoned  to  re¬ 
move  accumulated  material.  To  reduce  stress, 
fish  can  be  left  in  aquaria.  However,  care 


FEDEtAL  REGISTER,  VOL.  40,  NO.  1 23— WEDNESDAY,  JUNE  25,  1975 


should  be  exercUed  in  cleaning  to  prevent 
loss  or  damage  to  the  fry,  luveniles  or  adults. 
Embryo  and  fry  chambers  may  need  to  be 
cleaned  frequently  or  replaced  when  screens 
clog  or  OTganlc  material  collects.  Special  care 
Is  required  to  prevent  Injury  to  fry. 

11.  Spanning  chambers.  Chambers  should 
be  constructed  of  either  glass  or  #316  stain* 
less  steel.  Chambers  should  be  large  enough 
to  allow  the  male  to  establish  a  territory  axid 
the  female  to  escape  attacks  by  the  male. 
Chambers  measuring  13x30x15  cm  high,  with 
a  large  mesh  screen  (1  cm>)  attached  1  cm 
above  the  bottom  to  enable  eggs  to  pass 
through,  have  been  used  successfully.  The 
mesh  screen  on  the  bottom  reduces  predation 
by  the  parents  on  the  eggs. 

12.  Disturbance.  All  test  chambers  con¬ 
taining  fish  should  be  shielded  from  exces¬ 
sive  outside  disturbances.  Tanks  should  be 
shielded  from  all  outside  light  sources  that 
would  interfere  with  the  photoperiod. 

13.  Concentrations,  a.  A  minimum  of  5  c<m- 
centrations  of  toxicant  and  a  control,  all 
duplicated,  should  be  utilized  In  all  acute 
and  chronic  tests. 

b.  Concentrations  selected  for  chronic  tox¬ 
icity  experiments  shotild  be  based  on  results 
of  acute  flow-through  bloassays.  Concenitnt- 
tlons  should  be  selected  so  that  at  least  one 
will  adversely  affect  some  life  stage  of  the 
sheepshead  minnow  and  one  will  not  affect 
any  stage. 

c.  Chemical  analyses  should  be  made  of  the 
toxicant  to  be  tested,  of  the  water  during 
this  test  and  of  the  fish  during  and  at  the 
conclusion  of  the  test.  At  a  minimum,  the 
concentration  of  toxicant  in  the  test  water 
of  each  test  concentration  should  be  analyzed 
weekly.  Each  life  stage  (eggs,  fry.  Juvenile 
and  adult  flsh)  from  each  toxicant  concen¬ 
tration  should  be  analyzed  dtiring  the  test. 
Whole  adult  flsh,  flesh,  eggs  or  ovaries  should 
be  analyzed. 

14.  Acute  tests.  Acute  flow-through  bioas¬ 
says  should  be  conducted  prior  to  initiation 
of  any  ctmmlc  test  (Sprague,  1966) .  It  Is  de¬ 
sirable  fcsr  these  tests  to  be  on  at  least  two 
different  age  classes  (e.g.,  fry.  Juveniles  or 
adults) . 

O.  Biotogical  Systems — 1.  Source  of  adult 
flslu.  Adult  flsh  should  be  obtained  from  the 
same  source,  either  from  wild  population  or 
suitable  culture  laboratories.  They  should  be 
held  in  flowing  80*  C  sea  water  of  ^15  */»• 
salinity  for  a  minimum  of  two  weeks  before 
obtaining  eggs. 

2.  Obtaining  eggs  from  adult  fish.  To  ob¬ 
tain  a  sufficient  number  of  eggs  to  begin  a 
chronic  exposure,  two  methods  may  be  em¬ 
ployed.  (1)  Natural  spawning  from  latxva- 
tory  stocks.  (2)  Artificial  inducement,  where 
adult  female  egg  production  Is  stimulated 
by  injection  of  hiunan  gonadotrophic  hor¬ 
mone  and  fertilized  with  ^>erm  excised  from 
males.  (Schlmmel  et  al.,  1974).  The  former 
may  be  preferable. 

3.  Beginning  the  test.  Two  groups  of  fifty 
fertilized  eggs  are  placed  in  two  or  more  sepa¬ 
rate  embryo  and  fry  cbamben  in  each  dupli¬ 
cate  aquarium.  Survival  of  embryos  and  fry 
(which  constitute  the  parental  stock,  Fi)  are 
to  be  checked  and  recorded  daily.  After  4 
weeks  flsh  are  reduced  to  25  per  duplicate 
aquarium.  This  should  provide  enou^  fish 
so  that  at  least  five  pairs  of  adults  will  be 
available  in  each  replicate  aquarium  for 
spawning. 

4.  Food.  a.  Fry  should  be  fed  live  brine 
shrimp  nauplli  (Artemia  seMna)  two  or  more 
times  dally  for  about  2  weeks.  (Do  not  use 
frozen  nauplli.)  Automatic  feeders  are  rec¬ 
ommended  (Schlmmd  and  Hansen,  1675). 
Alter  2  weeks,  supplement  with  dry  trout 
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pellets  (eg.  Oregon  Moist)  or  dry  mollle 
flakes  (eg.  Biorell)  for  2  additional  weeks. 

b.  Juveniles  and  adults  can  be  fed  twice 
dally  dry  food  supplemented  with  frocen 
adult  brine  shrimp.  Each  batch  of  food 
should  be  checked  for  pesticides  (DDT,  dlel- 
drln,  endrin,  etc.).  In  addition,  chemical 
analysis  should  also  include  chemicals  In  the 
material  to  be  tested. 

6.  Disease.  Disease  outbreaks  should  be 
handled  according  to  their  nature  with  each 
aquari\im  being  treated  similarly,  even 
though  disease  Is  not  evident  in  all  aquaria. 
All  treatments  should  be  kept  to  the  mini¬ 
mum  and  recorded  sis  to  type,  sunount  and 
frequency. 

6.  Measuring  fish.  A  sample  of  flsh  of  the 
Fi  generation  should  be  measured  at  one  day 
post  hatch,  4  weeks,  8  weeks,  and  at  sulult 
termination.  In  addition,  flsh  are  to  be 
weighed  at  week  4  suid  termination.  Larvsd. 
(Fi)  fish  sue  to  be  mesuured  at  1  day  post¬ 
hatch  and  weighed  and  meMured  at  we^  4 
(termination) .  Suggested  techniques  for 
measuring  flsh  include  the  photographic 
method  outlined  by  McKlm  and  Benoit 
(1971),  or  plswsing  fish  in  a  besdcw  <sr  petrl 
dishes  containing  .63  cm  (V4  inch)  of  water 
on  a  photocopier. 

7.  Thinning.  At  28  days  post-hatch,  the  Fi 
IsuvsM  should  be  randomly  reduced  to  25  fish 
per  duplicate  aqusula. 

8.  Spawning  chambers.  As  mature  swlults 
(F,)  begin  courtship  (Indicated  by  sexusd 
dimorphism,  territoriality,  aggressive  be¬ 
havior  and  courtship  by  the  male),  s^a- 
rate  pairs  should  be  placed  in  Indlvldusd 
spawning  chambers  in  the  aquaria.  Psdrs 
should  be  left  in  the  chsunbers  until  a  suffi¬ 
cient  numbr  of  eggs  have  been  collected  to 
Insure  statistical  comparisons  of  fecimdlty, 
fertility,  and  survival  of  embryos  and  fry  can 
be  made. 

9.  Removing  eggs.  a.  All  eggs  should  be  re¬ 
moved  at  a  fixed  time  each  day  so  the  flsh 
are  not  overly  disturbed  and  disruption  of 
qjawnlqg  activity  will  not  occur. 

b.  Daily  records  of  spawnings,  egg  num¬ 
bers,  and  egg  fertility  must  be  k^t.  All  eggs 
must  be  removed  dally,  examined  for  fertility, 
and  then  used  for  survival  studies  or  resldtie 
analyses  or  discarded.  Each  pair  should  be 
observed  daily  for  a  minimum  of  two  weeks. 

10.  Egg  incubation,  a.  A  series  of  groups  of 
50  fertile  eggs  should  be  collected  and  in¬ 
cubated  from  adults  In  each  aquarium.  Pref¬ 
erably,  they  should  be  obtained  from  one 
dally  spawn  from  each  of  the  five  spawning 
pairs.  If  necessary,  because  of  small  spawns, 
eggs  may  be  collected  over  an  extended  pe¬ 
riod  in  order  to  obtain  50  eggs. 

b.  If  no  spawning  occurs  In  the  higher  con¬ 
centration,  eggs  should  be  transferred  frmn 
control  spawns  and  incubated  in  the  higher 
concentration  to  gain  additional  Informa¬ 
tion. 

c.  Groups  of  fifty  eggs  are  placed  In  two  or 
more  egg  cups.  Burvival  of  embryos,  time  re¬ 
quired  to  hatch,  hatching  sviccess,  and  sur¬ 
vival  of  fry  for  4  weeks  will  be  determined 
and  recorded. 

d.  Additional  groups  of  50  eggs  from  fl«h 
from  contaminated  aquaria  should  be  placed 
in  control  aquaria  to  determine  If  they  con¬ 
tain  chemicals  toxic  to  embryos  or  fry. 

e.  Remaining  eggs  should  be  analjrzed  for 
toxicant  residue. 

11.  F,  embryos  and  fry.  Survival  of  em¬ 
bryos  and  fry  will  be  recorded  dally  for  4 
weeks.  Fry  are  to  be  measured  on  1  day  post 
hatch  axid  weighed  and  measured  on  week 
4  (termination) .  Dally  records  should  be  kept 
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on  mortalities,  development  of  abnormalities 
and  behavioral  changes. 

12.  Termination  of  adults,  a.  With  many 
chronic  procedures  utilizing  other  fishes, 
termination  of  the  test  is  considered  the  time 
when  no  spawning  activity  has  occurred  over 
a  2  week  interval.  For  the  sheepshead  min¬ 
now,  however,  termination  should  occur  after 
2  or  more  weeks  of  spawning.  Enough  spawns 
have  to  occur  to  statistically  predict  the 
effect  of  the  toxicant  that  Is  tested.  It  is  our 
experience  that  most  flsh  will  spawn  readily 
and  almost  dally  unless  sick,  affected  by  a 
pollutant  or  Immature. 

b.  Adult  flsh  should  be  weighed,  measured, 
^xed  and  retained  for  residue  analysis. 
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more  complete  form  and  will  be  provided 
when  available.  Ck>pies  of  this  methodology 
in  present  form  may  be  obtained  from  Dr. 
Kenneth  J.  Macek,  Bionomics,  EG  and  O 
Environmental  Consultants,  Wareham,  Mas¬ 
sachusetts. 


ExKmtT  1 

A  BIOLOGICAL  MODEL  FOE  ESTIMATING  THE  UP¬ 
TAKE,  TEANSFEX,  AND  DEGBADATION  OF  ZENO- 
BIOTICS  IN  AN  AQUATIC  FOOD  CHAIN 

By  B.  Ihomas  Johnson  and 
Richard  A.  Schoettger 

Fish-Pesticide  Research  Laboratory,  U.8.  Fish 
&  Wildlife  Service,  Route  1,  Columbia, 
Missouri  65201. 
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iNTEODUCnON 

The  protocol  described  here  is  designed  to 
Investt^te  the  uptake,  trsmsfer,  and  degrada¬ 
tion  of  xenoblotlcs  In  a  simple  food  chain 
representing  three  aquatic  trophic  levels.  The 
mod^  food  chain  1b.  In  essence,  a  simple 
means  to  estimate  tmder  controlled  condi¬ 
tions,  the  movement  of  an  organic  synthetic 
chemical  (l.e.  a  "foreign"  molecule  cn  xeno¬ 
biotic)  by  certain  representative  trophic  lev¬ 
els  of  a  natural  aquatic  ecosystem.  The  model 
conforms  to  selected  criteria;  It  Is  Inexpen¬ 
sive,  slnqile  to  maintain,  reproducible,  eco¬ 
logically  relevant  and  produces  clearly  de¬ 
finable  data.  Each  trophic  level  must  be 
evaluated  If  meaningful  Information  con¬ 
cerning  xenobiotic  uptake  Is  to  be  derived 
from  the  model  at  the  vertebrate  trophic 
level.  We  wish  to  know  how  much  of  It  Is 
taken  up.  How  much  Is  retained?  What 
is  the  quantity  and  quality  of  the  residue? 
What  is  the  upUdm  rate?  How  much  can  be 
moved  via  natural  food  and  direct  water  up¬ 
take?  What  are  the  maxlmums  of  all  these? 

This  modd  is  compartmentalized  or  modu¬ 
lar  as  compared  with  the  microcosm  system 
of  Metcalf  and  others  (Metcalf  et  al.,  1071; 
Relnert  1972;  Isensee  et  al.,  1973;  Matsumura 
ahd  Benezet  1973).  The  warm  water  (>16C) 
food  chain  consists  of  three  trophic  levels 
with  fish  representing  the  top  level:  (1) 
microorganisms  (yeast,  protozoa,  bacteria  or 
algae)  >>  (2)  filter  feeder  (diq>hnld)  ^  (3) 
fish  (blue^U) .  Potentially,  information  may 
be  drawn  from  five  points  within  the  model 
system  For  example,  in  the  warm  water  food 
chain,  data  may  be  gathered  on  uptake  along 
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several  routes  from  water  to  microorganisms, 
microorganisms  to  daphnids,  water  to  dapb- 
nlds,  daphnids  to  fish,  and  water  to  fish.  Also 
the  simultaneous  use  of  different  water  and 
food  combinations  produces  a  nxunber  of  pos¬ 
sible  permutations.  One  may  use  part  or  all 
of  the  food  chain  to  evaluate  potential  up¬ 
take  of  the  xenobiotic.  The  three  segments 
are  never  tested  together  In  the  same  con¬ 
tainer  because  of  the  difficulty  in  controlling 
the  feeding  rates  (food  chain  transfer)  be¬ 
tween  trophic  levels. 

Both  quantitative  and  qualitative  Infor¬ 
mation  are  obtained  from  the  food  chain. 
One  can  estimate  from  the  model  the  rate  of 
uptake  of  a  chemical  by  direct  uptake  from 
water  (re^lratory  structures  and  body  sur¬ 
face)  or  by  uptake  from  residues  In  natiiral 
food,  ahd  also  determine  the  chemical 
changes  in  the  residue  caused  by  abiotic  or 
biotic  systems. 

Concentration  Selection  and  Relevancy  of 

EbCFOSXTRE 

The  ooncentratlon(s)  of  the  xenobiotic  un¬ 
der  investigation  should  be  relevant  to  poten¬ 
tial  use  of  the  information  for  registration 
or  environmental  impact  statement  reviews. 
Select  the  concentrations  for  food  chain 
studies  on  the  basis  of  acute  toxicity,  recom¬ 
mended  use  rates,  or  Information  on  probable 
concentrations  likely  to  occur  In  aquatic 
ecosystems.  Acute  toxicity  data,  or  LCSO 
(lethal  concentration)  values  probably  rep¬ 
resent  the  best  Information  at  present  on 
which  to  base  the  selection  of  concentrations. 
LO50  data  are  usually  readily  available  and 
r^roducible  within  certain  confidence  limits. 


Select  the  LCSO  that  represents  the  least  tol¬ 
erant  member  of  the  food  chain  model.  Con¬ 
centrations  of  the  xenobiotic  used  in  the  up¬ 
take  studies  should  not  exceed  the  LCSO, 
even  though  an  uptake  plateau  or  equilib¬ 
rium  level  Is  reached  in  less  than  the  48  or 
96-hr  duration  of  standard  acute  toxicity 
tests.  Use  a  concentration  between  1/10  and 
1/1000  of  the  LCSO,  depending  on  the  slope 
of  the  toxicity  curve.  For  example.  If  the 
daphnids  are  the  most  sensitive  species  to 
the  xenobiotic  and  have  a  48-hr  EC50  of  1.0 
Mg/1,  we  suggest  use  of  a  test  concentration 
between  0.1  Mg  and  0.001  Mg/ 1  for  the  model. 
However,  other  sublethal  concentrations  are 
preferable  if  they  can  be  estimated  from  an- 
tlclpiated  use  rate,  or  from  a  concentration 
projected  or  measured  in  aquatic  ecosystems. 

Chemical  Analysis 

>*C-LABELED  COMPOUNDS 

Chemical  analyses  used  in  measuring  up¬ 
take  and  degradation  require  sensitivity  suf¬ 
ficient  to  detect  and  quantify  nanogram 
amounts.  Therefore,  we  recommend  radio- 
labeled  compoimds  and  radiometric  assay 
consisting  of  liquid  scintillation  spectrome¬ 
try  and  autoradiography  of  tbln-layer  chro¬ 
matograms.  The  radioactive  material,  prefer¬ 
ably  'Kl-labeled,  should  occupy  the  most 
stable  portion  of  the  molecule.  Efficiency  of 
the  radiometric  system  Is  based  on  compari¬ 
son  with  a  spiked  control.  Quench  curves 
should  be  plotted  with  different  microbes, 
daphnids,  and  fish. 

XENOBIOTIC  SEPARATION  AND  IDENTIFICATION 

Extraction.  Take  100  mg  of  either  micro¬ 
organisms  or  daphnids,  or  500-1600  mg  of 
fish  and  hopiogenize  in  a  tissue  g;rinder  with 
5-10  ml  of  a  selected  extraction  solvent 
(Hesselberg  and  Johnson,  1972).  Pour  the 
homogenate  into  a  small  porcelain  evapora¬ 
tion  dish  and  blend  with  anhydrous  NSjSO^ 
(I:  4  w/w)  to  form  a  free  flowing  dry  mix¬ 
ture.  Poiur  the  mixture  into  a  20  x  400  mm 
chromatography  column  plugged  with  a 
small  piece  of  glass  wool  at  the  bottmn  of 
the  column  and  lightly  pack  the  column 
with  the  Na,SO,  mixture.  W€»h  the  grind¬ 
ing  tube  with  the  extracting  solvent  and  add 
a  sufficient  amount  of  solvent  to  the  chroma- 
tognqihy  colunm  reservoir  to  Insure  maxi¬ 
mum  extraction  efficiency.  Concentrate  the 
column  effluent  by  evaporation  to  ca  1.0  ml 
In  a  porcelain  evapwation  dish  with  heat 
and  a  gentle  stream  of  nitrogen  under  a 
fume  hood.  Pour  the  concentrated  solution 
into  a  5  ml  centrifuge  tube  and  carefully 
evaporate  to  0.1  ml. 

Thin-layer  Chromatography.  ^K>t  the  total 
sample  on  an  appropriate  thin-layer  plate 
with  a  10  m1  Hamilton  syringe  and  develc^ 
the  plate  in  an  appropriate  solvent  system. 
The  extraction  solvent,  clean-up  procedure, 
pH  adjustment  to  extract  polar  degradation 
product,  the  type  thin-layer  plate  and  the 
develc^ing  tic  solvent  system  are  dictated 
by  the  chemical  nature  of  the  xenobiotic. 
Authentic  standards  of  the  xenobiotic,  both 
labeled  and  non-labeled,  are  co-chromat- 
ognqihed  with  the  experimental  extract. 
Use  a  tic  plate  containing  a  fluorescent  In¬ 
dicator  and  locate  the  compounds  by  view¬ 
ing  under  short  wave  ultraviolet  light 
(2537A). 

Autoradiography.  Use  no-screen  medical 
x-ray  film  to  locate  and  visualize  the  radio¬ 
active  material  by  autoradiography.  Expose 
the  x-ray  film  for  7  days  to  the  tic  plate. 
Identify  the  radiogram  by  superimposing  the 
film  on  the  tic  plate.  Quantify  separated 
radi<^abeled  material  by  carefully  scnqilng 
silica  gel  from  the  iqieciflc  radioactive  Rt 
area  Into  a  scintillation  vial  containing  16 
ml  of  toluene:  flucv  (numralloy®)  and  as¬ 
say  the  mixture  with  a  liquid  scintillation 
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counter.  Correct  all  results  for  background 
and  quench. 

Analysts  of  Results.  Report  cdl  samples  In 
terms  of  degradability  of  xenoblotle,  per¬ 
centage  of  degradation  and  chromatographle 
Identification  of  degradation  products.  Indi¬ 
cate  the  extraction  solvent,  extraction  effi¬ 
ciency  and  the  tic  developing  system. 

SAlfPLINO 

All  samples  are  taken  In  replicates  of  3  to 
6  and  expressed  as  mean  values  ±  standard 
error,  however,  confidence  Interval  reference 
and  the  chemical  natiire  of  the  xenoblotle 
may  necessitate  a  larger  sample  size.  Data  are 
not  utilized  when  mortality  within  thd  ex¬ 
perimental  group  exceeds  that  In  the  control 
by  6%. 

Water  Qualitt 

Water  should  be  uncontamlnated  and  con¬ 
stant  quality  and  should  meet  the  follow¬ 
ing  specifications: 

1.  Suspend  solids,  20  mg/l; 

2.  TCX3  or  COD,  10  mg/l; 

3.  Un-lonlzed  ammona,  20  sg/I; 

4.  Residual  chlorine,  3 

6.  Total  m^anophosphorus  pesticides,  50 
ng/l; 

6.  Total  organochlorine  pesticides  plus 
PCB’s,  60  ng/t. 

Water  Is  considered  to  be  constant  quality 
If  the  monthly  ranges  of  the  hardness, 
alkalinity,  specific  ocmductance  TOC  or  COD, 
and  salinity  are  less  than  10%  of  the  respec¬ 
tive  averages  and  If  the  range  of  pH  Is  less 
than  0.4  unit.  Alternative  freshwater  should 
be  obtsdned  from  an  uncontamlnated  well  or 
spring  If  possible;  only  as  a  last  resort  should 
a  dechloiinated  water  be  used.  If  dechlorl- 
nated  water  Is  used,  it  must  be  shown  that 
either  first  Instar  daphnlds  can  survive  In  It 
unfed  tor  48  hortrs  or  that  residual  chlorine 
must  be  measured  below  3  /ig/1  at  the  begin¬ 
ning  of  the  test  (Stephan,  et  al.,  1975) . 

Uptake  From  Water  bt  Microorganisms 

DETERMINATION  OF  EQUILIBRnTM 
CONCENTRATION 

Test  Organism;  Teast  (Saccharomyces 
cerevisiae) 

Culture  Preparation.  Accurately  weigh  1.0 
g  of  dried  commercial  grade  baker's  yeast  and 
pour  It  directly  Into  a  2  1  beaker  containing 
1  1  of  water  warmed  to  ca  48C.  Place  the 
yeast  suspension  on  a  magnetic  stirrer  and 
mix  slowly  tor  1  hr. 

Xenohiotie  Inoculation  and  Incubation. 
After  1  h  Incubation,  prepare  yeast  cell  dilu¬ 
tions  of  0.1  mg/ml,  0.25  mg/ml,  Ofi  mg/ml, 
and  1  BOg/ml  In  triplicate  100-ml  volumes 
and  place  In  250-ml  Erlenmeyer  fiasks.  Add 
the  **  C-labeled  xenlblotlc  at  the  pre-selected 
concentration  directly  to  each  dilution  of 
the  yeast  suspension.  For  best  results,  the 
total  counts  per  minute  (cpm)  for  the 
specific  radioactive  substance  used  In  the 
uptake  segment  should  exceed  1000  cpm  for 
each  sample.  Water  Is  the  carrier  solvent  of 
choice.  If  a  carrier  solvent  other  than  water 
is  necessary  to  introduce  the  xenobiotic.  It 
should  not  exceed  0.1%  of  the  total  volume 
of  the  yeast  suspension.  The  carrier  solvent 
and  amount  used  must  be  clearly  defined  In 
the  final  report.  Incubate  the  yeast  suspen¬ 
sions  In  the  'K/-xenoblotlc  solution  for  0.6, 
1,  4,  8,  and  24  h  In  a  water  bath  shaker 
maintained  at  20±1*C.  The  yeast  cells  should 
be  moderately  agitated  to  keep  them  In 
suspension. 

Residue  Analysis — Yeast.  After  Incubation 
for  various  Intervals,  vigorously  shake  the 
yeast  suspension  and  accurately  pipette  60.0 
ml  of  the  treated  yeast  cells  from  the  250  ml 
exposure  flask  for  residue  determination.  Re¬ 
move  the  yeast  cells  from  the  treatment 
solution  by  centrifugation  <»*  filtration.  Any 
centrifuge  that  can  exert  ca  10,000  X  g  force 


Is  satisfactory.  Filtration  can  be  accom¬ 
plished  with  a  Milllpore®  type  apparatus 
with  a  0.45  a  filter.  Wash  the  cells  once'  by 
resuspending  them  In  50  ml  of  clean  water 
and  reconoentrate  them  by  centrifugation  or 
filtration.  Immediately  add  8  ml  of  Trlton-X 
100®:Fluoralloy($  (2:8  v/v)  to  the  cells  and 
stir  vlgcKously  with  a  vortex  mixer.  Pour  the 
yeast  suspension  directly  Into  a  liquid 
scintillation  vial.  Wash  any  remaining  cells 
from  the  centrifuge  tube  and  filter  into  the 
vial  with  0  ml  of  Fluoralloy®-toluene  mix¬ 
ture.  Place  the  vial  directly  Into  a  liquid 
scintillation  counter  with  an  Internal  stand¬ 
ard.  Prepare  a  control  sample  with  untreated 
yeast  cells  and  the  emulslfier-flucM'  to  cor¬ 
rect  for  background  radiation.  Correct  for 
quench  by  preparing  a  ‘H7-spiked  yeast  sam¬ 
ple  at  a  concentration  similar  to  the  one  used 
for  the  uptake  experiments.  Convert  cor¬ 
rected  cpm  unit/sample  Into  weight  unit  of 
the  'H:;-xenoblotlc  by  dividing  the  corrected 
known  specific  activity  of  the  compound. 

Analysis  of  Results.  Report  residue  on  the 
xenobiotic  yeast  cells  (wet)  (w/w)  (convert 
all  dry  yeast  weights  ll.e.  the  beginning  yeast 
weight]  to  wet  weights;  yeast  contain  ca  50- 
60%  water).  All  data  should  represent  true 
replications  of  samples.  Report  yeast  cell 
residues  as  mean  ±  standard  error.  Prepare 
a  chart  and  report  the  total  cell  residue  for 
each  blomass-lncubatlon  concentration.  In¬ 
dicate  whether  uptake  reaches  an  apparent 
equilibrium  concentration  between  the  yeast 
cell  and  the  xenobiotic.  State  the  specific 
time  and  biomass.  Select  the  biomass  and  In¬ 
cubation  period  with  the  highest  residue  In 
the  diqihnld  feeding  experiment  to  demon¬ 
strate  the  maximum  movement  of  the  xeno¬ 
biotic  by  yeast  cells.  Obtain  the  uptake  factor 
(UF)  for  this  value.  Calculate  this  value  by 
dividing  the  concentration  of  the  original 
water  concentration  Introduced  Into  the  cul¬ 
ture  by  the  final  total  cell  residue  (total  cell 
residue /original  H,0  concentration).  For  ex¬ 
ample,  If  the  HgO  concentration  was  100  ng/l 
(ng/kg)  and  the  final  yeast  residue  was  10 
ng/mg,  the  UF  would  be  100,000  tlmec  (See 
Water  Uptake  Index). 

Uptake  From  Water  bt  Dapbnios 

DETERMINATION  OF  EQUIUBRnTM 
CONCENTRATION  IN  DAPHNIDS 

Test  Organism:  Daphnta  magna 

Culture.  The  filter-feeding  cladoceran 
Daphnia  magna  Strauss  Is  easily  maintained 
in  the  laboratory  In  large  vats  (>50  gal)  or 
In  smaller  aquaria  «10  gal)  feeding  only  on 
yeast  cell  suspensions.  The  stock  culture 
should  be  healthy,  vigorous  and  reproducing 
parthenogenetlc  with  no  signs  of  ephlpplal 

eggs- 

When  collecting  daphnlds  from  water  avoid 
unnecessary  handling  and  Injury  to  these 
fragile  organisms  by  constructing  a  small 
band  net.  We  recommend  using  small  fish 
net,  remove  the  netting  and  replace  It  with 
#20  wire  mesh  (or  equivalent).  Secure  the 
mesh  to  the  outer  net  rim  with  builder’s 
sealant  (Dow  Comlngi®  781).  The  dapbnids 
are  easily  collected  on  the  mesh  and  then 
transferred  to  the  experimental  chamber  or 
filter  pad. 

Experimental  Chamber.  The  daphnlds  are 
netted  from  the  stock  culture,  washed  with 
clean  yeast-free  water,  collected  on  a  MlUi- 
pore®-fllter  holder  containing  a  No.  2 
Whatman-fllter  paper  to  remove  the  wash 
water  and  quickly  weighed  on  an  analytical 
balance  to  the  nearest  0.1  mg.  One  gram 
(wet  weight)  of  the  daphnlds  are  quickly 
placed  In  a  2  1  all  glass  aquarium  con¬ 
taining  1  1  of  water.  The  daphnld  sanqile 
should  contain  various  ages  of  Instar  devel¬ 
opment. 

The  aquarium  contains  a  center  drain 
and  standpipe  with  a  tubular  glass  sheath. 


The  glass  sheath  Is  notched  at  the  bottom 
to  channel  water  from  the  bottom  of  the 
aquarium.  This  drainage  system  Insures  bet¬ 
ter  mixing  of  Uie  Introduced  chemical  and 
more  effldent  removal  of  waste  products. 
Temperature  Is  maintained  at  a  constant 
20±1  C.  Set  photoperlodlclty  for  a  12  hr 
cycle  with  fluorescent  lighting.  All  organisms 
are  acclimated  to  the  same  water  source 
and  temperature  used  In  the  uptake  experi¬ 
ments.  Daphnlds  Introduced  Into  the  ex¬ 
perimental  chamber  are  acclimated  over¬ 
night.  If  the  organisms  are  not  freely  swim¬ 
ming  about  the  aquarium  or  If  mortality  ex¬ 
ceeds  5%  of  the  total  daphnld  population, 
the  experiment  should  be  terminated.  The 
biomass: water  volume  should  not  exceed 
1  mg  daphnld  wet  weight/ 1  1  of  water. 

Xenobiotic  Exposure.  To  Insure  a  relative 
constant  water  concentration  of  the  pre¬ 
selected  xenobiotic,  use  a  metering  pump 
or  a  single  cell  dlluter  (Chandler  et  al., 
1974)  to  Introduce  an  Intermittent  flow  at 
a  rate  of  2  to  5  ml/min.  Excessive  flow  rate 
of  water  In  a  small  aquarium  Is  harmful  to 
the  daphnlds.  The  daphnlds  are  not  fed  dur¬ 
ing  the  uptake  experiment.  Terminate  the 
experiment  after  48  h  to  preclude  potential 
nutritional  stress  within  the  culture. 

Residue  Analysis — Daphnids.  Determine 
total  body  and  water  residues  at  1,  4,  8,  24, 
and  48  h  to  ascertain  uptake  kinetics.  Re¬ 
move  the  daphnlds  from  the  experimental 
chamber,  wash  them  with  clean  water,  col¬ 
lect  them  on  a  Milllpore®  filter  (No.  1  What¬ 
man  filter  4.25  cm)  and  weigh  wet.  Homog¬ 
enize  the  sample  In  a  tissue  grinder  with  a 
Teflon®-coated  tissue  grinder  and  6  ml  of 
Triton-X  100®  and  Fluoralloy®  (2:3  v/v 
emulsifier  :fluor).  Pour  the  hmnogenate  Into 
a  scintillation  vial,  washing  the  grinding 
vessel  with  9  ml  of  the  fluor.  Place  the  vial 
in  a  liquid  scintillation  counter  and  de¬ 
termine  counts  per  minute  present  in  the 
sample.  Quench  and  background  radiation 
corrections  must  be  made  before  calculating 
specific  quantities  of  xenobiotic  present.  Ac¬ 
curacy  data  derived  from  spiked  daphnld 
samples  should  also  be  included  with  final 
liquid  scintillation  analinses.  After  these  ap¬ 
propriate  corrections  are  made,  report  all 
residues  as  ratio  of  xenobiotic  to  whole  body 
wet  weight  of  daphnlds  (w/w). 

Residue  Analysis — Water.  For  water  resi¬ 
due  analysis  use  a  similar  experimental 
chamber  without  daphnids,  but  one  that  is 
receiving  the  same  xenoblotle  concentration 
and  flow  rate  as  the  one  containing  the 
test  organisms.  Do  not  use  the  experimental 
chamber  containing  the  daphnlds  because 
they  tend  to  give  a  misleading  low  value  due 
to  the  uptake  by  the  daphnids.  If  this  resi¬ 
due  value  must  be  used.  It  should  be  clearly 
indicated  when  describing  the  uptake  factor. 
Take  a  water  sample  of  sufficient  volume  to 
give  a  minimum  of  100  cpm  (corrected)  per 
counting  vial.  Water  samples  are  monitored 
during  the  uptake  experiment  at  each  daph- 
nid  residue  sampling  interval.  Take  all  water 
samples  in  triplicate. 

Each  water  sample  Is  extracted  with  the 
most  appropriate  solvent  for  that  specific 
chemical.  It  is  strongly  advisable  to  run  i*C 
spiked  samples  to  determine  extraction  effi¬ 
ciency  for  the  specific  xenobiotlc-solvent 
combination.  Use  an  appropriate  size  separa¬ 
tory  funnel  which  permits  g;ood  solvent:  wa¬ 
ter  partitioning.  Avoid  vigorous  shaking  that 
produces  unmanageable  emulsions.  After  ex¬ 
traction,  carefully  evajxirate  the  solvent  to 
aj^roxlmately  1  ml  In  a  porcelain  evapora¬ 
tion  dish  under  a  fume  hood.  The  type  of  sol¬ 
vent  will  dictate  whether  heat  or  nitrogen 
is  necessary  for  evaporation.  In  some  Instan¬ 
ces  a  rotary-vacuum  evaporator  may  be  nec¬ 
essary  to  reduce  the  solvent  volume.  Wash  the 
concentrated  solvent  directly  Into  a  liquid 
scintillation  vial  with  16  ml  Fluoralloy®- 
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toluene  solution.  To  reduce  phoephoreecenoe 
store  the  samples  overnight  in  s  dark  place 
pricM*  to  placing  in  a  liquid  scintillation  ooim- 
ter  for  assay.  Correct  counts  for  quench  and 
background  radiation  with  contrcd  spiked 
samples.  Water  extraction  efficiency  data 
should  be  presented  with  final  residue  val¬ 
ues.  Caution:  Certain  common  solvents  used 
for  chemical  extraction  cannot  be  used  in 
liquid  scintillation  spectrometry  because  of 
excessive  quenching.  The  investigator  is  ad¬ 
vised  to  check  a  manual  for  preparations  of 
samples  for  liquid  scintillation  counting 
prior  to  making  water  extractions. 

AnalpsU  of  Results.  Take  all  samples  In  at 
least  triplicate  and  on  a  weight/weight  basis. 
All  d^hnid  residues  are  based  on  wet  weight 
only.  Plot  uptake  factors  (UF  diqjhnid  resi¬ 
due/water  concentration)  for  each  Interval 
from  1  h  to  72  h.  Determine  the  possible  pla¬ 
teau  concentration  for  the  daphnld  at  the 
experimental  concentration. 

Transfer  Via  Natural  Pood 

MICROORGANISMS - FILTER-FEEDER 

Organism:  Yeast  (Saccharomyces 
cerevisiae) 

Culture.  (See  Uptake  from  Water — Daph- 
nids) 

Xenobiotic  Exposure.  Accurately  weigh  2.0 
grams  of  daphnlds  (wet)  and  place  them  in 
at  2  1  glass  aquarium  containing  1 1  of  water. 
The  daphnld  sample  should  contain  a  random 
collection  of  various  ages  of  Instar  develop¬ 
ment.  The  chamber  is  similar  to  the  con¬ 
tainer  used  to  determine  direct  uptake  of 
xenobiotic  from  water  by  diq>hnids  (Water 
Uptake — Daphnld).  Maintain  the  daphnlds 
at  20±1*C  throughout  the  feeding  exercise. 
Do  not  subject  the  daphnlds  to  any  drastic 
water  or  temperature  difference  from  the 
stock  culture  diurlng  the  feeding  fcv  2  days 
before  beginning  the  experiment. 

Prepare  a  yeast  culture  containing  a  resi¬ 
due  of  at  least  80%  of  the  previously  deter¬ 
mined  equilibrium  concentration  (see  yeast 
uptake  protocol) .  Use  a  3  1  Erlenmeyer  fiask 
and  prepare  a  2  1  solution  containing  a 
250  Mg/ml  concentration  of  treated  yeast. 
Place  the  fiask  cm  a  magnetic  stirrer  to  keep 
the  yeast  cells  In  suspension  and  attach  a 
metering  pump.  Pump  the  treated  yeast  cells 
directly  Into  the  daphnlds  at  a  rate  of  1  ml/ 
min.  After  24  h,  prepare  another  fiask  con¬ 
taining  a  similar  concentration  of  treated 
yeast  cells  and  replace  the  orglnal  fiask  with 
this  batch  for  the  final  24  hr  feeding  period. 
We  found  that  by  following  this  procedure  it 
is  much  easier  to  monitOT  the  residue  of 
treated  yeast  cells  during  the  last  24  h 
Interval. 

Residue  Analysis.  Remove  three  50-ml  sam¬ 
ples  from  both  the  24  h  and  48  h  yeast  batch 
and  detemfine  the  total  cell  re^due  of  the 
xenobiotic  jMssed  via  the  microbial  food 
route.  Tefkst  residues  are  determined  by  the 
liquid  scintillation  method  (See  Uptake  from 
Waitw — Microorganisms — ^Residue) . 

After  48  h  remove  all  the  daphnlds  from 
the  feeding  chamber.  Wftsh  the  <kq>hnlds 
wl12i  dean  water  to  remove  any  adhering 
yeast  cells.  Take  at  least  five  r^licate  sam¬ 
ples  of  daphnlds  fkom  each  experimental 
chamber.  Bach  sample  should  contain  at 
least  100  mg  of  daphnlds  (wet  wdght)  for 
residue  analyds.  Each  feeding  experiment 
should  be  set  up  in  at  least  duplioate. 

Analysis  of  Results.  Rep(M*t  all  residue  data 
on  a  wet  weight  basis.  Calculate  and  repmi: 
the  tmnsfer  rate  of  the  xenobiotic  from  yeast 
to  daphnlds  on  a  pMoentage  or  ratio  basis 
(total  daphnld  resldue/tof^  yeast  residue) 
(Also  see  Food  Transfer  Index) . 


FILTS  -FEEDER — FISH 

Organisms:  Daphnlds  (Daphnia  magna) 
Blueglll  (Lepomis  macrochirus) 

Natural  Food  Preparation.  Daphnlds  should 
contain  a  residue  of  the  xenobiotic  at  con¬ 
centrations  at  least  80%  of  the  equilibrium 
concentration  (previously  determined  in  the 
Daphnid-Uptake  Section).  Generally  the 
“C-labeied  xenobiotic  may  be  conserved  by 
introducing  the  radioactive  material  into  the 
daphnlds  in  a  static  system,  instead  of  a  flow¬ 
through  apparatus.  Take  2.0  g  (wet  weight) 
of  daphnlds  from  the  stock  culture  by  screen¬ 
ing  and  place  them  into  a  2  1  beaker  con¬ 
taining  1  1  of  water.  Add  the  chemical  di¬ 
rectly  to  the  beaker  container  1  I  of  water 
€uid  expose  the  daphnlds  overnight.  The  con¬ 
centration  of  the  xenobiotic  employed  usual¬ 
ly  is  higher  than  those  used  to  determine 
the  equilibrium  concentration.  Start  with  a 
water  concentration  about  five  times  that 
used  in  the  plateau  experiment.  In  most  cases 
a  few  trial  tests  will  be  sufficient  to  determine 
when  80%  of  the  equilibrium  concentration 
is  reached.  If  a  carrier  solvent  is  necessary 
to  introduce  the  xenobiotic  to  the  daphnld, 
it  should  not  exceed  0.1  %  of  the  total  volume 
of  the  water  containing  the  daphnlds.  Also, 
the  static  concentration  selected  for  exposing 
the  food  source  should  not  exceed  the  IjCSO 
value  of  the  xenobiotic  for  the  daphnlds.  The 
treated  daphnlds  are  removed  from  the  ex¬ 
posure  solution  by  filtration.  Use  a  MllllporeA 
stainless-steel  filter  bolder  with  a  4.26  cm 
No.  2  Whatman  filter  paper.  The  wet,  live 
organisms  are  quickly  weighed  to  the  nearest 
0.1  mg.  Avoid  prolonged  filtering  and  air¬ 
drying  to  reduce  potential  injury  to  the 
daphnlds  prior  to  feeding  them  to  fish.  The 
number  of  daphnlds  needed  for  each  feeding 
is  estimated  from  the  cmnposlte  fish  weight 
of  each  group.  Feed  the  blueglll  an  amount 
of  daphnlds  equivalent  to  5  to  10%  of  the 
fish  weight  per  dqy.  Other  rations  may  be  se- 
leoted.  but  the  total  amount  of  live  food 
given  each  group  per  day  must  be  clearly 
delineated.  After  the  treated  daphnlds  have 
been  weighed,  divide  them  between  each 
group  of  fish  on  a  5  to  10%  per  fish  weight 
per  day.  For  example.  If  the  fish  in  group  1 
weigh  3500  mg  (composite  weight)  and  these 
In  group  2  weigh  3700  mg,  the  daphnld  ratio 
are  350  mg  and  370  i^,  respectively.  Nonnal- 
ly,  the  daphnlds  are  completely  consumed 
within  30  min  by  the  fish.  If  the  live  food  is 
not  taken  within  this  Interval,  we  suggest 
that  the  daily  ration  be  divided  into  two  m: 
three  smaller  feedings  during  each  day. 

Residua  Analysis — Food.  Total  body  resi¬ 
dues  of  the  daphnlds  are  determined  for 
each  feeding.  Take  duplicate  50-mg  aliquots 
of  the  composite  daphnld  feeding  for  residue 
analyses.  After  weight  determination,  mix 
the  saiiq>le  with  6  ml  of  TTiton-X  100: 
Pluoralloy<I)  (2:3  v/v)  emulsifier :fluor  In 
tifiuene  and  homogenize  with  a  teflon-coated 
ScKvall  tissue  grinder.  Transfer  the  homoge¬ 
nate  into  a  glass  scintillation  vial,  bring 
It  to  a  15-ml  volume  with  9  ml  trf  the  fluor- 
toluene  mixture  and  count  overnight  in  a 
liquid  scintillation  counter.  Make  correction 
for  quench  and  background  radiation. 
Determine  accuracy  values  with  spiked 
samples. 

By  carefully  monitoring  the  residues  in 
the  daily  feeding  throughout  the  30-day  in¬ 
terval,  any  adjustment  in  the  daphnld  fed 
the  fish  can  be  made. 

Experiment  Chamber — Fish.  The  fish  tanks 
are  all  glass  and  have  a  78.6  liter  (20  gal) 
capacity.  Each  tank  has  a  central  drain  and 
stand  pipe  with  a  PVC  ^eath  (See  Uptake — 
Daphnlds)  to  insure  proper  removal  of  waste 


products  from  the  lower  layers  of  the  con¬ 
tainer.  The  flow  rate  to  each  tank  is  adjusted 
for  three  complete  turnovers  per  24  h.  The 
experimental  tanks  should  be  located  In 
areas  away  from  non-essential  traffic.  Every 
effort  should  be  made  to  shield  the  fish  from 
unnecessary  visual  and  mechanical  stimuli. 
Expose  the  fish  to  normal  light  and  dark 
sequence  from  a  natural  source  or  use  a  12  h 
photoperiod  cycle  with  fluorescent  light. 
Overcrowding  of  fish  must  be  avoided.  Fish 
loading  per  aquarium  must  not  exceed  1  g 
fish  per  1  1  water.  Water  is  maintained  at 
20±1*C.  Acclimate  the  fish  to  the  test  cham¬ 
ber,  temperature  and  Intake  of  natural  food 
for  several  days  prior  to  the  beginning  of  the 
experiment.  Abrupt  changes  in  temperature 
and  water  quality  are  to  be  avoided.  Monitor 
each  test  tank  fm*  temperature,  ammonia 
and  oxygen  concentration  throughout  the 
32  day  feeding  schedule  to  detect  and  prevent 
potential  stress  of  the  fish  (See  also  Stephan, 
etal.,  1975). 

Use  blueglll  (Lepomis  macrochirus)  prefer¬ 
ably  within  the  0.5  to  1.5  g  range.  Avoid 
marked  aggressive  behavior  and  unequal  food 
consumption  between  fish  during  the  feed¬ 
ing  experiments  by  carefully  selecting  fish 
on  the  basis  of  similarity  in  size  and  weight. 
The  fish  should  be  vigorous  and  healthy; 
the  blueglll  should  readily  accept  natural 
food  after  acclimation.  Disease  or  mortality 
in  the  holding  stock  should  be  negligible. 
The  Investigator  should  determine  that 
all  materials  which  may  come  in  contact 
with  the  fish  are  nontoxic. 

Fish  Feeding  Procedure.  Distribute  50 
bluegllls  equally  into  five  78.6  liter  (20  gal) 
tanks.  The  five  tanks  with  10  fish  each  are 
designated  groups  1,  2,  3,  4.  and  control. 
Groups  1,  2,  3,  and  4  are  fed  treated  daphnlds 
for  7,  14,  21,  and  28  days,  respectively.  The 
control  is  fed  untreated  daphnlds  for  28 
days.  The  feeding  schedule  proceeds  as 
follows: 

Table  1 — Daphnld-BlueglU  Feeding  Schedule 


Duration:  32  days 
Day:  Activity 

0 _  Determine  fish  weight,  groups 

1,  2,  3,  4;  Estimate  diq>h- 
nlds  biomass 

1-2 _  Fish  acclimation  to  aquaria 

3-9 _  Feed  daphnlds  to  fish,  groups 

1,  2,  3,  4;  daphnia  TBR  ^  de¬ 
termined  dally 

10-11 _  Clearing  (no  feedings)  and 

determine  TBR  group  1;  feed¬ 
ing  adjustment’,  groups  2, 
3,  4 

10-16 _  Feeding  Groups  2,  3,  4;  diq>h- 

nld  TBR  determined  daily 

17-18 _  Clearing  and  TBR  group  2; 

groups  3,  4  feeding  adjust¬ 
ment 

17-23 _  Feeding  Groups  3,  4;  daphnld 

TBR  dally 

24-25 _  Clearing  and  TBR  group  3; 

feeding  adjustment  group 
4 

24-30 -  Feeding  Group  4;  daphnld 

TBR  dally 

31-32 -  Clearing  and  TBR  group  4; 

Experiment  terminated 


Optioned —  Group  6  degradation  and/or 
clearing  study 

’  Total  body  residue 

’See  text 

Residue  Analysis — Fish.  When  the  specific 
feeding  period  is  completed,  the  group  re¬ 
ceives  no  food  for  48  h.  After  the  48  h  eiiml- 
natlon  period,  which  permits  the  digestive 
tract  of  the  fish  body  residue  loss  to  evacu¬ 
ate.  each  fish  from  the  groups  is  removed. 
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blotted  dry  and  weighed.  Sach  fish  Is  ground 
in  toto  In  a  tissue  grinder  with  6  ml  of  Triton 
X-100  FluoraUo>®  (2:3,  emulsifier  :fluor, 
T/v).  Quantitatively  transfer  the  homoge¬ 
nate  from  the  griding  tube  with  9  ml  rinse 
of  the  fiuor-toluene  mixture  to  a  liquid  scin¬ 
tillation  vial.  Because  of  potential  quenching 
action  with  fish  tissue,  the  total  fish  biomass 
per  vial  should  not  exceed  600  mg.  If  the 
sample  is  large,  divide  the  sample  into  sev¬ 
eral  subsamples  and  combine  the  counts  for 
the  final  total  body  residue  determination. 
Keep  the  liquid  scintillation  samples  in  the 
dark  for  at  least  24  h  to  preclude  counting 
errors  due  to  internal  phosphorescence.  Place 
the  samples  in  a  liquid  scintillation  counter 
and  determine  counts  per  minute  (cpm)  for 
each  sample.  Convert  cpm  Into  quantities  of 
xenobiotic  present  in  each  fish  sample. 

Analysis  of  Results.  Report  all  residues  on 
a  weight/weight  basis.  Use  only  the  wet 
weight  values.  Express  all  data  as  the  mean 
±  standard  error.  Report  fish  residue  values 
for  the  7,  14,  21,  and  28  days.  Prepare  a  food 
transfer  index  for  the  xenobiotic  (Total  fish 
resldue/Total  daphnld  residue).  (Also  see 
Index). 

Uptake  Fbom  Water  and  Natural  Food 
COMBINATION  STUDIES 

Organisms:  Daphnids  (Daphnia  magna) 
Blueglll  (Lepomis  macrochirus) 

Determine  the  uptake  of  xenobiotic  by  fish 
directly  from  water,  from  live  food,  and  from 
a  simultaneous  combination  of  the  two.  The 
protocol  previously  describing  the  transfer 
of  xenobiotic  via  natural  food  to  fish  closely 
parallels  this  procedure  with  one  exception, 
the  xenobiotic  is  also  Introduced  directly  to 
the  fish  from  water. 

Experimental  Chamber.  Select  at  least  four 
78.6  1  all  glass  aquaria  with  central  drains 
and  stand  pipe  with  PVC  (see  also  Water 
Uptake — Daphnld).  Place  40  fish  In  each 
tank  (see  fish  selection  In  feeding  section) 
and  maintain  at  20±1*C.  Use  the  McAllister 
et  al.  (1972)  chemical  metering  device  with 
the  Mount  and  Brungs  (1967)  fiow-through 
apparatus  to  deliver  a  pre-selected  concen¬ 
tration  of  the  xenobiotic. 

Food  Transfer  and  Xenobiotic  Exposure. 
The  four  tanks  are  designated  "control”, 
"food”  (F),  "food  and  water”  (F&W),  and 
"water”  (W) .  The  "control”  and  "food”  tanks 
receive  only  the  carrier  solvent  of  the  xeno¬ 
biotic  from  the  dlluter  effluent.  Tanks  la¬ 
beled  "food  and  water”  and  “water”  receive 
the  xenobiotic  in  the  effluent  diluter  fiow  at 
a  predetermined  concentration.  These  two 
tanks  receive  the  xenobiotic  after  passing 
from  a  connecting  mixing  box  (Benoit  and 
Pugllsl  1973) .  This  process  assures  relative 
equal  exposure  concentration  between  the 
two  test  groups.  The  fiow  rate  from  the 
dlluter  should  result  in  at  least  3  complete 
tumovers/aquarlum/24h.  Tanks  marked 
"food”  and  “food  and  water”  receive  treated 
daphnids  at  a  rate  of  5-10%  fish  weight  per 
day  (See  daphnids  feeding  protocol).  Feed 
the  tank  marked  "control”  and  "water”  un¬ 
treated  daphnids  on  a  similar  percentage 
basis.  Take  water  samples  In  triplicate  to 
verify  the  xenobiotic  concentration  Intro¬ 
duced  Into  the  “water”  and  "water  and  food” 
tanks.  Remove  water  samples  dally  for  the 
first  three  days.  If  the  water  concentration 
of  the  xenobiotic  remains  relatively  constant, 
take  water  samples  twice  per  week  thereafter 
(the  fish  residue  day  and  four  days  later). 
Take  water  samples  directly  from  the  dlluter 
effluent  prior  to  its  introduction  Into  the 
experimental  chamber  with  fish.  (Water 
analysis — see  Water  Uptake — Daphnids) . 

Fish  Feeding  Procedure.  (See  Food  Trans¬ 
fer — Filter-Feeding — Fish ) 

Residue  Analysis  Daphnld — Fish  (See  Food 
Transfer — Filter-Feeding — Pish ) 


Analysis  of  Results.  All  sample  residues  are 
expressed  on  a  weight/weight  basis.  Express 
fish  and  daphnld  residues  only  on  a  wet 
weight  basis.  All  data  are  expressed  as 
mean  ±  standard  error.  Report  the  mean 
water  residue  per  week.  Prepare  a  graph 
showing  the  uptake  of  xenobiotic  by  fish 
from  water,  food  and  the  combination  of 
both  over  time.  Calculate  an  uptake  factor 
(total  body  residue/ water  concentration) 
and  uptake  index  (residue  in  fisb/resldue  in 
food)  (See  also  Index) . 

Water  Uptake  and  Food  Transfer  Index 


The  food  transfer  index  and  water  uptake 
Index  are  both  based  on  the  comparison  of 
a  xenobiotic  uptake  directly  from  water  or 
transfer  from  one  trophic  level  to  another 
via  natural  food  with  a  reference  compound. 
Because  of  its  ubiquity  and  persistency  in 
the  natural  environment,  p,p'-DDT  (1,1,1- 
trlchloro-2,2  bis  (p-Chlorophenyl)  ethane]  is 
recommended  as  a  reference  xenobiotic  Food 
Transfer  Index.  For  example,  if  a  blueglll 
contains  a  mean  DDT  total  body  residue 
(TBR)  of  2  mg/kg  after  feeding  30  days  on 
daphnids  containing  a  mean  TBR  of  1  mg/kg 
DDT,  we  calculate  a  food  transfer  factor 
(FTP)  as  follows: 


_  Pish  TBR 

FTF= - - - -- 

Daphnld  TBR 

Substituting 

PTF=— 


(w/w,  wet  weight) 

mg/kg 

mg/kg 


FrF=2.0 

(DDT) 


If  compound  "Q”,  an  experimental  pesti¬ 
cide  Is  introduced  Into  a  similar  system  and 
the  daphnids  contain  a  compound  "Q”  TBR 
of  250  Mg/kg  and  the  fish  after  the  30-day 
feedings  contain  a  TBR  of  60  fig/hg  Com¬ 
pound  "Q”,  the  FTP  Is  0.26 


rwTF-  1 

260  Mg/kgJ 


Calculate  the  food  transfer  index  as  follows: 


Food  Transfer  Index 


Unknown  Pood  Transfer  Factw 
Reference  Food  Transfer  FactOT  x  100 


Substitute  the  above  data: 

0.26 

FT  Index=y^  X  100=12.6 

FT  Index  =  12.5 
(Compoimd  "Q”)  (DDT =100) 

Water  Uptake  Index.  Similarly  a  water 
uptake  Index  may  be  prepared.  First  deter¬ 
mine  the  uptake  factor  (UF)  of  the  xeno¬ 
biotic  from  water.  Calculate  this  factor  by 
dividing  the  water  concentration  of  the 
xenobiotic  (exposure  concentration)  into 
final  daphnld  TBR  (preferably  at  an  equili¬ 
brium  concentration).  For  example.  If  the 
daphnids  contain  a  TBR  of  10  Ag/mg  p.p'- 
DDT  after  exposure  to  a  100  ng/1  solution, 
we  calculate  the  UF  as  follows: 


UF=; 


Daphnld  TBR 


HsO  concentration 
Substituting 

_  10  ng/mg 
100  ng/kg 
UP=  10,000  X 


(wet  weight) 


If  In  a  similar  system  the  UF  value  for 
daphnld  exposed  to  compound  "Q”  is  6,000  x, 
we  may  calculate  a  Water  Uptake  Index  (WU 
Index)  as  follows: 

WP  Index =unknown  UF/Reference  UP  X 100 
Substituting: 

WU  Index =6,000/10.000X100 
WU  Index =60 

(Compound  "Q”)  (DDT=100) 
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Field-testing  Techniques  ^ 

No  universally  applicable  methods  are 
available  for  field  testing  of  pesticides  be¬ 
cause  of  the  wide  diversity  of  mechanisms 
whereby  a  pesticide  may  enter  the  environ¬ 
ment,  the  diversity  of  habitats  which  may  be 
affected  and  the  nature  of  the  pmtlclde 
(solubility  in  water,  degradability,  etc.). 
However,  a  discussion  of  some  aspects  of 
field  testing  and  a  documentation  of  some 
previously  used  methods  should  be  a  useful 
aid  to  Investigators  in  designing  tests  to 
meet  particular  situations.  The  following 
discussion  Is  derived  principally  from  a  paper 
by  Livingston  et  al.  (1974)  and  was  prepared 
by  Dr.  J.  L.  Llncer  of  the  Mote  Marine 
Laboratory. 

Toxicitt  Tests  Versus  the  Field  Approach 

The  objective  of  laboratory  toxicity  tests 
is  to  determine  the  effect  of  a  chemical  on 
organisms  under  defined  conditions.  Toxic¬ 
ity  tests  are  normally  made  undw  controlled 
conditions  with  only  one  or  two  variables, 
one  normally  being  the  toxicant.  Often  un- 

^For  a  more  comprehensive  discussion  of 
this  tc^ic,  see  Livingston,  et  al.  (1974). 
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natural  conditlona  are  imposed  upon  the 
organisms  being  tested  or  effects  which  are 
important  in  the  field  are  not  considered.  In 
acute  tests,  for  example,  the  organisms  are 
not  usually  fed  nor  are  they  permitted  to 
avoid  the  toxicant,  a  behavior  which  may 
be  possible  in  the  field.  The  exposure  period 
is  for  1-4  days,  often  under  static  conditions, 
and  the  toxicant  Is  not  diluted  as  it  nor¬ 
mally  is  In  the  field.  Chronic  tests  may  start 
to  approach  the  real  world  but,  stUl,  de¬ 
structive  or  removal  mechanisms,  like  sorp¬ 
tion  to  particulates  or  photo-oxidation,  are 
usually  not  present  in  the  laboratory  tests. 
Perhaps  most  Important  Is  the  fact  that 
organisms  are  usually  not  exposed  to  only 
one  toxicant  in  the  field.  Laboratory  tests 
have  an  obvious  place  in  determining  the 
toxicity  of  a  chemical  to  various  organisms 
or  the  toxicity  of  various  chemicals  to  a 
given  organism  under  specified  conditions. 
However,  extrapolation  to  field  situations  Is 
not  always  feasible. 

Although  there  Is  reason  to  believe  that 
carefviUy  contr<^led  laboratory  and  field  re¬ 
sults  may  coincide  (Mount,  1974),  proper 
final  diagnostic  evaluations  of  effects  must 
be  made  under  adequately  monitored  field 
conditions  with  assist  from  carefully  de¬ 
signed  toxicity  tests.  Such  studies  should  be 
interdisciplinary  and  are  expensive  but,  in 
the  end,  probably  provide  the  only  defini¬ 
tive  results. 

SPECTRUM  or  TECHNIQ'OES 

In  general,  to  find  the  ecological  relevance 
of  a  laboratory  finding,  one  moves  In  the 
direction  of  field  studies.  To  find  cause(s) 
for  an  observed  disturbance  of  the  environ¬ 
ment,  It  is  often  necessary  to  move  Into  more 
controlled  lalsoratory  situations.  Table  1  pro¬ 
vides  an  overview  of  the  kinds  of  ecosystems, 
pesticides,  observed  parameters  and  taxa  re¬ 
ported  in  the  literature.  Table  2  dlsplairs 
aquatic  sgiedes  (by  broad  taxa)  otfflsrved 
and/or  used  in  fleld-tesUng  pesticides. 

Field  Studies.  In  a  field  survey,  a  sampling 
method  is  devised  to  Include:  a  broad  range 
of  the  animal  and  plant  life,  both  perturbed 
and  unperturbed  areas,  seasonal  changes,  and 
where  possible,  before  and  after  effects  of 
some  event,  such  as  the  application  of  a 
potentlidly  registrable  pesticide. 

In  contrast,  a  monftoring  program  implies 
continual  sampling  of  the  environment  in 
order  to  detect  changes  as  they  occur.  De¬ 
pending  on  the  circumstances  at  each  site, 
it  may  be  appropriate  to  shift  from  the  sm- 
vey  to  the  monitoring  program,  or  vice  vers£. 

Alternatively,  In  field  tests,  organisms 'are 
maintained  In  cages  or  confined  areas  In  the 
field  environment.  Such  systems  can  con¬ 
tinually  assess  the  effect  of  the  application 
on  a  series  of  representative  species. 

from  the  physical  dlOcultles  of 
sampling  or  monitoring  at  particular  sites 
or  seasons,  there  are  other  potential  disad¬ 
vantages.  Such  methods  can  show  that 
changes  have  pines  In  organisms  or  In 

communities  of  nrgentema,  bilt  do  not  show 
what  caused  the  changes  unless  adequate 
consideration  is  given  to  the  statistical  ap¬ 
proach.  At  the  very  least,  suitable  repHca- 
tlcms  and  control  areas  are  a  must,  and,  of 
course,  the  value  of  pre-application  ^Id  data 
becomes  obvious. 

Perturbed  or  Partitioned  Environments.  A 
portion  oC  the  real  world  ean  be  partitlooed 
off  and  purpose  contaminated.  Rroblcme 
with  this  type  at  research  are:  (1)  Deciding 
whether  dellborate  damage  to  even  a  smaU 
portion  of  the  environment  Is  Juatlfled  by  the 
Informatkm  that  will  be  obtained,  (2)  con¬ 
fining  the  damage  to  the  area  under  study, 

(3)  deciding  whether  the  portion  of  the  en¬ 
vironment  under  study  Is  representative,  and 

(4)  achieving  sufficient  control  over  the  test 
area.  The  advantages  are  that  the  spill  or 


contamination  la  under  the  control  ctf  the 
inveetlgator  so  that  pee  stress  data  can  be 
gathered  and  the  actual  stress  manipulated 
and  measured,  while  the  complexity  of  the 
real  world  is  retained  to  a  greater  degree  than 
In  a  laboratory  study. 

Models.  Laboratory  streams  are  full-scale 
models,  over  which  a  greater  degree  of  con¬ 
trol  can  be  exercised  than  In  a  partitioned 
and  perturbed  stream  In  natvuw.  Since  the 
investigator  has  created  an  environment,  he 
does  not  have  the  ethical  problem  of  de¬ 
ciding  whether  his  ends  Justify  purposeful 
damage  to  a  portion  of  the  natural  environ¬ 
ment. 

Microcosms  are  greatly  simplified  ecosys¬ 
tems,  with  perhaps  less  than  ten  species  to 
represent  some  of  the  Interaction  occurlng 
among  hundreds  of  species  In  the  environ¬ 
ment. 

Odum  and  others  have  developed  methods 
of  simulating  ecosystem  energy  and  ma¬ 
terials  flows  on  analog  computers.  Waller,  et 
al.  (1971)  developed  a  stochastic  model  and 
computer  program  to  predict  long-term 
effects  of  different  environmental  zinc  levels 
on  as  many  as  100  generations  of  fat-head 
minnows.  The  predictive  capability  of  such 
abstract  models  can  often  be  Improved  as 
additional  field  and  laboratory  data  become 
available.  On  the  other  hand,  such  models 
often  indicate  what  types  of  information 
need  to  be  gathered  to  understand  ecosys¬ 
tem  responses  to  perturbations.  The  param¬ 
eters  in  stochastic  mocMs  are  allowed  to 
vary,  which  probably  better  approximates 
the  real  world,  than  a  nonvarying  model. 

Models  have  the  advantage  that  the  effect 
of  envlrdnmental  manipulations,  even  ex¬ 
treme  manipulations,  can  be  tested  through 
many  generations  or  seasonal  cycles,  without 
damage  to  the  real  world.  The  disadvantage 
of  such  models  Is  that  they  are  twice  removed 
from  reality — the  model  la  a  construct  or 
simplification  based  on  a  sampling  of  infor¬ 
mation  about  the  real  world. 

In  summary,  tticre  are  advantages  and  dis¬ 
advantages  associated  with  any  technique 
used  to  determine  ;  i.stlcldal  effects.  Tech¬ 
niques  should  be  us(.d  which  combine  ele¬ 
ments  of  both  field  and  lab  approaches.  The 
best  problem-solving  strategy  Is  to  use  the 
techniques  that  will  beet  answer  the  quest- 
tions  being  asked,  and  to  avoid  rigid  adher¬ 
ence  to  one  technique. 

FEASZKUTT  OF  FIELD  TECHNIQUES 

With  the  Inherent  difficulties  of  sampling 
and  variability  encountoed  In  any  field 
study  it  might  seem  futile  to  attempt  any 
such  evaluation.  If  It  to  possible  to  ade¬ 
quately  describe  some  aspect  of  a  community 
then  It  should  also  be  postohle  to  Identify 
changes  in  this  characteristic  Induced  by 
potential  streaeors,  such  as  peetlcldse.  The 
fact  that  this  has  wot  been  done  with  any 
degree  of  sophistication  arises  from  our  In- 
idillity  to  sattoCactorlly  describe  Oie  unit  we 
arc  dealing  with. 

Problems  In  studying  a  single  species 
under  field  conditions  revolve  around  sam¬ 
pling  difficulties  associated  with  the  par¬ 
ticular  ^leclss.  These  difficulties  may  be 
minor  with  small  randomly  distributed  ses¬ 
sile  animals  but  great  with  mobile  species 
and  species  with  non-random  distribution 
patterns.  Neverttiriess,  it  Is  still  much  easier 
to  monitor  changes  In  the  growth  rate,  sur¬ 
vival  rate  or  reproductive  activity  of  a  single 
species  than  It  to  to  evaluate  a  communfty 
or  species  assemblage. 

The  alternative  to  the  commnntty  param¬ 
eter  approach  Is  to  consider  elements  of  the 
fanna  on  an  Indlvlduallsttc  basis;  Identify 
and  count  the  species  collected  and  try  to 
develop  some  understanding  of  the  biology 
involved.  This  takes  much  more  effort 
the  information  return  Is  much  more  useful. 
Unfortunately,  there  are  no  rules  which  have 


general  apjfiicatlon  to  all  situations.  Differ¬ 
ent  communities  and  localttlss  may  require 
different  saixqiUng  procedures.  In  some  cases, 
dominant  species  may  have  a  profound  effect 
on  the  biology  of  a  community  and  the  fate 
or  responses  of  these  species  (or  opportu¬ 
nistic  species  that  replace  them)  may  pro¬ 
vide  useful  predictions  as  to  what  might 
happen  to  the  community  as  a  whole. 

Most  applied  environmental  work  reported 
In  the  literature  has  been  executed  in  such 
a  manner  that  it  would  detect  only  relatively 
major  changes.  However  field  tqsproxlmations 
of  pollutant  Interactions  can  be  of  para¬ 
mount  Importance.  Koenig,  et  aL  (1974),  for 
example,  found  that  blue  crabs  (CaUinectes 
sapidtts)  contaminated  with  DDT  and  its 
metabolites  did  not  die  In  the  field  from 
such  contamination  unless  periodic  cold 
fronts  caused  significant  reductions  in  the 
water  temperature.  The  combined  effect  of 
the  pesticide  and  temperature  stress  caused 
significant  mortality.  In  this  way  field  ob¬ 
servations  allowed  identification  of  pollutant 
Impact  as  a  result  of  Interaction  with  a  sig¬ 
nificant  modifying  factor.  This  jrould  em¬ 
phasize  a  need  for  further  experimental  and 
field  work  on  the  Impact  of  various  pol¬ 
lutants  under  conditions  of  natural  stress. 

I  spite  of  major  difficulties.  It  Is  expected 
that  as  the  theoretical  and  practical  aspects 
of  environmental  research  Improve,  there 
will  be  a  capability  to  measure  the  effects 
of  single  and  combined  factors  tmder  field 
conditions.  However,  "of  this  point  in  time”. 
It  appears  that  the  only  possible  approach 
that  might  be  standardized  Is  that  ot  the 
cage-tirpe  or  confined-area  exposure  (Table 
3).  Since  the  confined  area  type  ot  study 
requires  a  high  degree  of  knowledge  of  the 
life  history  of  the  various  species,  the  ecology 
of  the  area,  etc.,  this  would  be  very  cUfflcult 
to  reduce  to  a  routine. 

GENERAL  PRECEPTS  FOR  CAGE-TYPE  FIELO-TESTINO 

Acquiring  Organisms.  Organisms  may  be 
collected  locally  or  purchased  from  commer¬ 
cial  fishermen.  If  oqitursfl.  acceptable  tech¬ 
niques,  such  as  thoM  recommended  by  the 
Environmental  Protection  Agency  (1973), 
should  be  used.  Whether  organisms  Are  col¬ 
lected  directly  or  purchased,  every  effort 
should  be  made  to  Insure  that  they  are 
healthy  and  are  not  subjected  to  unneces¬ 
sary  stress.  Perkins  (1972)  discussed  the  Im¬ 
portance  of  using  healthy  animaLi  em¬ 
phasizes  the  Importance  of  stresses  such  as 
collecting,  handling  and  maintenance. 

Parameters.  Parameters  that  should  be 
studied  which  would  relate  to  Individual 
species  include: 

Mortality 

Growth 

Beproductive  Success 
Gross  Behavior 

Other  observable  changes  within  such  fields 
as  physiology,  blochanlstry,  pathology, 
etc.,  which  relate  directly  to  the  survival 
of  the  species. 

Test  Organisms.  Based  on  the  literature 
reviewed  to  date  (Table  3) ,  the  moat  common 
species  of  fish  used  In  cage-type  field-testing 
pesticides  are  from  the  marine  environment 
and  are  as  follows:  Sheepshead  minnow 
{Cyprinodon  variegatua) ;  Mosqultofish 
(Gambusia  affinia);  Sallfin  molly  (Poecilia 
latipinna) ;  Striped  mullet  (Mugil  cephalus) ; 
Mummlcbog  (Fundulua  heteroclitus) . 

A  similar  list  for  Invertebrates  would  In¬ 
clude: 

Crabs:  Blue  crab  (CaUinectes  sapidua); 
Fiddler  crab  (Uca  minax,  V.  pugnax). 

Shrimp:  Glass  (Palaemonetea  pugio); 
Other  species  of  shrimp  (like  Penaeua  spp.) 
are  readily  available,  but  have  not  been  used 
frequently  In  cage  studies. 

Mollusks:  Oyster  (Crassostrea  virgtnica). 
Cage  Construction.  The  construction  of 
cages  for  specific  taxa  depends,  of  oourse,  on 
the  species.  Its  predators,  the  habitat  and  the 


FEDERAL  REGISTER,  VOL.  40,  NO.  123— WEDNESDAY,  JUNE  25,  1975 


V 


PROPOSED  RULES 


physical  and  chemical  properties  of  the  pesti¬ 
cide  being  tested.  Although  there  has  been 
some  effort  to  describe  an  exposure  cage  for 
this  purpose  (Heltmuller  and  Nlmmo,  1972) , 
most  cages  vary  with  the  Investigator  (see 
Table  3  for  such  studies) . 

Introduction  of  Pesticides  and  Monitoring. 
Pesticides  should  be  introduced  at  the  sea¬ 
son  and  using  the  amount  and  formula¬ 
tion  (s)  expected  to  be  used  under  actiial 
spraying  conditions.  If  adequate  safeguards 
are  available,  another  triplication  at  ten-fold 
the  expected  level  might  be  applied  to  help 


Identify  subtle  effects  which  could  be  impor¬ 
tant.  Monitoring  of  the  residue  levels  in  the 
organisms  and  their  environment  over  time  is 
of  particular  Importance  with  persistent 
pesticides.  Water  quality  parameters  (e.g., 
pH,  temperature,  and  conductivity  at  least) 
should  also  be  regularly  monitored. 

The  Test  Area.  The  area  to  be  used  should 
be  as  homogeneous  as  possible  with  respect 
to  the  biotic,  physical  and  chemical  environ¬ 
ment.  If  the  conditions  change  over  time, 
they  should  be  definable  in  terms  of  perio¬ 
dicity.  Every  effort  should  be  made  to  choose 


an  area  which  allows  the  investigator  to 
prevent,  control  or  minimize  the  spread  of 
the  applied  pesticide. 

Some  General  Considerations.  1.  Be  realistic 
In  choice  of  species.  Species  collected  locally 
will  normally  be  easier  to  work  with. 

a.  Be  aware  of  the  possibility  of  induced 
resistance. 

3.  If  caged  animals  are  to  be  used,  a  rea¬ 
sonable  period  of  acclimation  is  necessary. 

4.  Within  the  constraints  of  acceptable 
techniques,  choose  the  most  sensitive  species 
and/or  life  stage  inhabiting  that  ecosystem. 


Tabix  \.—An  onervieu)  of  tht  fuld-UHing  of  ptslieiitt 


Observed  parameters 


Taxa  and/or  species 


Freshwater  pond. 


DDT..™... . . Mortality. 


Enclosed  area  of  freshwater 
pond. 

Tidal  marsh  dlteh.  _ 


DDT.i . : . Population . . . 

DDT..^.. _ _ Mortality  and  population;  residue 

monitoring. 

Dieldrin.. . . . Mortality _ . . 


Strobane,  DDT,  and  nCB . Mortality,  gross  behavior  on 

fiddlers. 

DDT.  Aldiin,  Dieldrin,  and  BBC.  Mortality . 


Fish,  plankton,  benthic  Inverte-  Tarzwell,  1948. 
bratee,  repUlss,  birds,  mam¬ 
mals,  terrestrial  insects. 

Fish . .  Do. 

Fish,  crabs . Croker  and  Wilson,  1985. 

. do. . Harrington  and  Bldllngmayer, 

1958. 

Fish,  crabs,  birds,  manunals . George,  et  al.,  1957. 


Mangrove  swamp... _ .:... 

Salt  marsh,  freshwater  pond... 


Estuaries.... 
Balt  marsh.. 
Do . 


DDT.* . .  Mortality,  gross  behavior  growth 

(snails). 

DuTsban . _ Mortality,  cholinesterase  inhibi¬ 

tion. 

Dlbrom . . Mortality,  cholinesterase  popula¬ 

tion. 

Dursban . Mortality . 


3,4-D . do . 

Malathioo _ Mortality,  cholinesterase. 

Dursban... _ _ _ Mortality,  monitoring _ 


Fish,  prawns,  arthropods.  Isopods 
and  amphlpods,  crabs,  worms, 
moUusks,  birds. 

Fish.  eralM,  shrimp,  insects,  mol- 
lusks,  amphipods,  worms,  mites, 
birds. 

Fish,  crabs,  shrimp,  mammals, 
birds. 

Fish,  crabs,  mammals,  birds,  in¬ 
sects. 

Fish,  shrimp,  crabs,  oysters,  in¬ 
sects,  terrestrial  vertebrates. 

Fish,  crabs,  oysters,  clams . 

Fish,  crabs,  shrimp,  moUusks . 

Fish,  crabs,  shrimp,  birds . 


Springer,  196L 

Springer  and  Webster,  1951r 

U.S.D.I.,  1968. 

U.8.D.I.,  1967(b)j 

U.S.D.I.,  1967(8); 

Rawls,  1965. 

Tagats,  et  al.,  1974; 
Ludwig,  et  al.,  1968; 


Table  2.—Aguatle  species  observed  and/or  used  in  fieU-iesUng  vf  pesticides 


Other  invertebrates 


DDT.;.^.'.-.;;.;;..v..w:^  Striped  mullet,  sbeepshead  min-  Blue  crab,  fiddler... . Palaemonetes  species.. 

now,  rainwater  killifish,  sallfin 
molly,  mosquitofish,  spot,  long- 
nose  kllllfisb,  gulf  kflUfish,  tide¬ 
water  silverside,  diamond  killi¬ 
fish,  darter  goby. 

Dieldrin....; . .  Ten  jMunder,  sea  catfish,  sallfin  Fortnnlds xanthlds,  fiddler.  Shrimps _ 

moUy,  striped  mullet,  snook,  blue  crab. 

Irish  pompano,  red  drum,  spot, 

strobane,  DDT  and  Mummlchog,  sbeepshead  miiuiow.  Blue  crab,  marsh  fiddler,  . 

BHC.  spot,  white  mullet.  red-]ointM  fiddler,  marsh 

crab. 

DDT,  Aldrln,  BHC,  Various  fish . Blue  crab,  marsh  carb . Prawns . ; _ 

Dieldrin. 

PDT_:__.T.T;-.7;-T.r.-  Mnmniichng  sbeepshead,  min-  Blue  crab,  fiddler.;.-;...;.;.  Grass. 
now,  Fundvius. 

Dursban..;.;;...-.; Pinfish,  sbeepshead,  drum,  mol-  ™..do _ Baft..,.;;.;;— .r;..;=: 

lies,  Fundtutss. 

Dibrom _ Fundulus,  snotA  Mangrove _ do  . 

snapper. 

PnTvhan.  Various  spcclee....;;;™.;';;^...... . do . . White — r;;;: 

2,4-D . .  Pumpklnseed . . . . .  Blue  crab.. . . . . 

Malathioo _ ...  Bheepehead  miimow* _ _ do - - - Grass  pink - 

Dursban _ Croakers,  killifish,  mullet _ do _ _  Brown - - .... 


I...  Aimelld  worms. . Croker  and  Wilson,  1966; 


Amphipods,  nudlbranchs,  Harrington  and  Bldllng- 
snails,  tetbyonids,  oysters.  mayor,  1958. 


Brysoans. . .  George,  et  al.,  1957; 

Isopods,  amphipods,  artbro-  Springer,  1961  (abstract); 
pod.  moUusks  (including 
snails  and  mussels),  clam 
worms. 

i . . . Springer  and  Webster,  1961; 

--- _ U.S.D.I.,  1968. 

_ U.S.D.I.,  1967(b); 

;.. . . U.8.D.I.,  1967(8); 

Oyster,  soft  shell  clam _ Rawls,  1965. 

SimiL . Tagats,  et  al.  (1974); 

_ _ _ ...  Ludwig,  et  M.,  1968' 
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Tabu  t.—AguMtie  »peek»  vttti  In  fteU  etfe  (O  tonfinti  mrm  (CM)  ttptitmMei 


SpdCiCB 


TypaoC 

study 
(C  or  C  A) 


TtAfAfmw 


Flshr 

Slieopshead  minnow  (Cyprinodon  varitgatm) . . . —  CA 

Uutf  IriiUfish  (^undtitet  gnnHa) _ =. _ 

l^tngnnaa  kiilifigh  (F.  ttmiiu)  .  _ _ _ _ _ _ _ 

Rainwater  Idinfish  (.Ltteania  partw) _ _ 

Mosqiiitofish  (Onmbiuia  afflnit) _ : _ _ _ 

S«il&i  nu>Uy  (MoMtnema  lortpimts) _ _ r. . . . . . 

Striped  mullet  {MngU  erpluUMt) _ _ . . 

Tidewater  silverside  {Mmidia  beryllina) . . . 

Mummichog  (F.  ftrfrroclittte) . . . . C 

“Varieftated  cyprinodon”  (C.  variegattu) . _ s _ _ _ 

Spot  (I^iostomtu  xanthuru*) _ _ 

U  hit«  mullet  (MnfU  eurrma) . . . . 

Cyprinodon  kilUfiali . . . . . ; . . .  C/CA 

Funduiut  specie . . . ;; - 

Plnftsh . . . C 

Drum . . . . . 

Mollies . . — . . . 

Fundulue _ _ _ 

Flounder  {ParaiidUhyt  specie) . . . .  C 

Mullet  (MugU  etjrirmlm*) _ _ _ 

Puffer  ISphofToide*  spwie) . 

Kail  fin  molly  IMaOienetia  latipinna) . . . . 

SheepAead  niinnow  (C.  tmTieenlut) . . . C 

Mullet  {M.eepkaiuo) _ _ _ _ _ C 

Croakers  (lyriotUmut  xanthuruo) . . . 

Broad  Killifish  (C.  wmritgatm) _ 

GuU  Killifish  (Fundidru  grandis) _ _ _ 

Invertebrates: 

Fiddler  crab  (  Uen  mixiax) _ - _ C 

Blue  crab  (CdBineetei  tapUut) _ C 

Marsh  fiddler  (l7co  pugnaz) . . . . . 

Red-}ointed  fiddler  (l\  mtmu:) _ _ _ 

Marsh  crab  (Setarma  retieulatum) . . . . 

Blue  crab  (C.  _ _ _ CA 

Uorck  tiAA^a.r  I 


Marsh  fiddler  (f*  pugnaz)... . . C 

“Bait”  shrimp  (PilarmoTietee  po^)..„ _ _ _ C 

Fiddler  crab _ _ _ _ _ _ 

Blue  crab  (C.  mpiduM) _ _ _ _ _ 

White  shrimp  (Penamr  reti/erue). . .  _ C 

Blue  crabs  (C.  oapkidiu) _ 

Fiddler  crabs  ( t7«  tperk) . . . . . . 

Oysters  (CrattOttrea  $peeie) . 


Soft  shell  clam  (A/yo  arenaria) . . . . C 

Blue  erab  (C.  MfM^) . . . . z... _ _ 

E.  oyster  (C.  eiryinica) _ _ _ _ _ _ 

Blue  crab  (C.  tapidu») . .;... . .  C 

Grass  dtrfmp  iPalaemonflet  vulgarU) . ..zz _ _ _ 

Fiak shrimp  {P.pugia) . . . ■■■■i-r.,,-.— _ _ 

Snail  ILIttorina  Hrorata). 


Croker  and  Wilson,  1965. 


George,  et  al.,  1957. 


Springer  and  Webster,  1951. 
U.S.D.I.,  1968. 


U.S.D.I.,  1967(a). 


Tagatz,  et  al.  (1974). 
Ludwig,  et  al..  1968. 


Cnriter  and  Wilson,  1965. 
George,  et  aL.  1967. 


Springer  and  Webster,  1951. 


U.S.D.I.,  1968. 


U.S.D  J..  1967(b). 


Rawls,  1965. 


Tagatz,  et  al.  (1974). 


Blue  Crab  (C.  oapidtu) . . .=...... . . C 


Ludwig,  et  al.  (1968). 


References 

Croker,  R.  A.  and  J.  Wilson.  1065.  Kinetics  and 
effects  of  DDT  In  a  tidal  marsh  ditch. 
Trans.  Am.  Fish.  Soc.  94:152-159. 

George,  J.  L.,  R.  P.  Darsle,  Jr.,  and  P.  P. 
Sprl^er.  1957.  Effects  on  wildlife  of  aerial 
ai^Ucattona  of  strobanc,  DDT,  and  BHC 
to  tidal  marshes  In  Delaware.  J.  WUdl. 
Ugmt.  21:42-53. 

HazTlngton,  R.  W.,  Jr.  and  W.  L.  Bldllng- 
mayer.  1958.  Effects  of  dleldrln  on  fishes 
and  Invertebrates  of  a  salt  marsh.  J.  Wildl. 
Mgmt.  22:76-82. 

HeltmuUer.  P.  T.  and  D.  R.-  Nlmmo.  1972.  A 
cage  for  exposing  aquatic  animals  to  bot¬ 
tom  sedfigaeat.  Prog.  Fish  Cult.  34:120. 
Koenig,  C.  C.,  R.  J.  LlvlngBton,  and  C.  R. 
Crlpe.  In  prep.  Blue  crab  mortality:  Inter¬ 
action  of  temperature-IRDT  residues.  Sub¬ 
mitted  to  Arch.  Envir.  Contam,  and  Toxicol. 
Livingston,  R.  J.  (Ed.),  C.  C.  Koenig,  J.  L. 
Llncer,  C.  D.  McAuliffe,  A.  Michael,  R.  J. 
Nadean,  R.  E.  Sparks,  and  B.  E.  Vaughan. 
1974.  Synergism  and  modifying  effects:  In¬ 
teracting  factors  In  bioassay  in  field  re¬ 
search.  Spec.  Publ.,  Marine  Tech.  Soc.  (In 
press). 

Ludwig,  P.  D.,  H.  J.  Dishburger,  J.  C.  Me- 
NelU,  W.  O.  MUler  and  J.  R.  Rice.  1968. 
Biological  effects  and  persistence  of  Durs- 
ban®  Insecticide  in  a  salt-marsh  habitat. 
J.  Econ.  Entomol.  61:626-633. 

Mount,  D.  L  Testimony  given  at  Toxic  Sub¬ 
stances  Hearings  held  by  the  Environmen¬ 
tal  Protection  Agency.  May  1974. 


Perkins,  E.  J.  1972.  Some  problems  of  marine 
soxlclty  studies.  Uar.  Poll.  Bull.  3:13-15. 

Rairls,  C.  K.  1965.  Field  tests  of  herbicide 
toxicity  to  certain  estuarine  animals.  Ches¬ 
apeake  Sci.  6:150-161. 

Springer,  P.  F.  1961.  The  effects  on  wildlife 
of  applications  of  DDT  and  other  insecti¬ 
cides  for  larval  mosquito  control  In  tidal 
marshes  of  the  eastern  United  States.  Dis¬ 
sert.  Abst.  22. 

Springer,  P.  P.  and  J.  R.  Webster.  1951.  Bio¬ 
logical  effects  oC  DDT  applications  on  tidal 
salt  marshes.  Mosquito  News  11:67-74. 

Tagatz,  M.  E.,  P.  W.  Borthwlck,  O.  H.  Cook, 
and  D.  L.  Coppage.  1974.  Effects  of  ground 
application  of  malathlon  on  salt-marsh 
environment  la  northwestern  Florida.  Mos¬ 
quito  Nows  94:809-315. 

TiwzweU,  C.  M.  1946.  Effects  of  routine  DDT 
mosquito  larvlcldlng  on  wildlife.  J.  Nat. 
Malaria  Soc.  7:199-206. 

United  States  Department  of  the  Interior, 
Fish  and  Wildlife  Services.  1967(a).  April. 
Pesticide  surveillance  program,  effects  of 
granular  application  of  Dursban  on  some 
estuary  cmd  salt  marsh  organisms.  Special 
Report. 

- 1967(b) .  May.  Pesticide  field  appraisal, 

field  observations  on  the  effects  of  ultra- 
low  volume  application  of  Dlbrom  on  fish 
and  wildlife  In  south  Florida.  Special 
Report. 

- 1968.  August.  Pesticide  field  appraisal, 

field  appraisal  of  tests  to  control  salt 
marsh  mosquitos  with  Dursban  applied  as 
a  larvlclde  and  adultlclde  In  Florida. 
Speclcd  Report. 


UMted  States  Environmental  Protection 
Agency,  C.  I.  Weber,  ed.  1973.  Biological 
field  and  laboratory  methods  for  measuring 
the  quality  of  surface  waters  and  effluents. 
EPA-670/4-73-001.  Cincinnati,  Ohio. 

Waller.  W.  T.,  M.  L.  Dahlbert,  R.  E.  Sparks, 
J.  Cairns,  Jr.  1971.  A  computer  simulation 
ot  the  effects  of  superimposed  mortality 
due  to  pollutants  on  populations  of  fat¬ 
head  minnows,  {Pimephales  promelas).  J. 
Fish.  Res.  Bd.  Canada  28:1107-1112. 

SUBFART  c 


Hazard  evaluation:  Wildlife  toxi- 

-  cology  _ VII.C-1 

Acute  and  subacute  toxicity 

studies  on  wild  mammals _ VII.C-J 

Protocol  for  determination  of 
the  approximate  maximum 

tolerated  dose _ VH.C-4 

Protocol  for  laboratory  acute 

oral  toxicity — Birds _ VIl.C-8 

Protocol  for  determining  lethal 
dietary  concentrations  of  „ 
chemicals  to  birds  (5  day- 

dletary-LC-50)  . . VII.C-16 

Reproductive  tests  on  birds _ VII.C-21 

Protocol  for  evaluation  of  re¬ 
productive  effects  of  pesti¬ 
cides  on  the  bobwhlte _ VII.C-22 

Protocol  for  evaluation  of  re¬ 
productive  effects  of  pesti¬ 
cides  on  the  mallard _ VII.C-29 

Protocol  for  laboratory  acute 

dermal  toxicity  test _ Vn.C-42 

Protocol  for  small  pen  simu¬ 
lated  field  test  to  evaluate 

pesticide  hazards  to  birds _ vn.C-81 

Protocol  for  large  pen  simu¬ 
lated  field  studies _ VII.C-54 

Protocol  for  full-scale  field 
tests  to  evaluate  pesticide 
hazards  to  wildlife _ VIl.C-72 


Part  VII — Hazard  Evaluatioiv 

SUBPART  C - WUnUFE  TOXICOLOGY 

Protocols  for  wildlife  toxicology  were  com¬ 
piled  from  a  thorough  review  of  the  litera¬ 
ture  njirt  uiqgubllshsd  data  and  from  consul¬ 
tation  with  nearly  all  the  wildlife  toxicology 
experts  In  the  field.  All  available  protocols 
were  evaluated  and  those  Judged  most  com¬ 
plete  and  valid  have  been  Included.  Points 
of  clarificatkm  were  made  throughout  the 
accepted  protocols.  In  most  cases  only  one 
protocol  was  deemed  applicable  and  in  others 
It  was  necessary  to  prepare  compoMtes  of 
protocols  In  the  literature  to  arrive  at  an 
applicable  protocol.  The  test  methods  were 
selected  because  of  their  overall  strengths, 
with  the  recognition  that  any  test  method 
does  have  weaknesses. 

Some  philosophical  preamble  to  each  pro¬ 
tocol  has  been  Included.  This  Introduction 
specifies  the  validity  of  the  test  method. 

For  wlldUfe  the  acute  oral  toxicity  test  pro¬ 
vides  a  standard  unit  of  measurement  to  be 
compared  with  those  of  mammalian  toxicity 
and  toxicity  to  other  organisms  and.  In  the 
case  of  expected  granular  use,  a  direct  meas¬ 
urement  of  effects  likely  from  field  applica¬ 
tions.  The  5-day  dietary  LC-50  is  appropriate 
In  determining  the  effect  of  a  chemical  ap¬ 
plied  to  plant  matter  In  the  field.  This  test 
allows  Ingestion  of  a  chemical  and  degrada¬ 
tion  as  It  passes  through  the  digestive  tract, 
absorption  and  metabolism  of  the  pesticide 
over  several  days  exposure  at  lesser  concen¬ 
trations.  In  addition  the  5-day  dietary  LC- 
50  test  exposes  wildlife  to  compound  vola¬ 
tility  that  may  occur  from  the  dally  diet  and 
to  dermal  contact  via  the  face  and  feet  from 
food  In  the  container  or  that  which  is  spilled. 
Together,  both  tests  give  Information  regard¬ 
ing  chroniclty  of  a  pesticide. 
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The  reproductive  test  should  be  used  when 
It  is  known  that  the  parent  compound  or 
one  of  its  metabolites  persists  at  significant 
levels  in  the  environment  for  prolonged  pe¬ 
riods  or  when  wildlife  are  subjected  to  re¬ 
peated  or  continued  exposure.  This  test  pro¬ 
vides  data  on  a  longer  term  feeding  study 
than  the  dietary  LC-50  and  on  reproduction 
and  survival  of  young  wildlife.  Lo^cally  this 
test  should  follow  data  available  from  sub¬ 
acute,  short-term  dietary  studies. 

When  requested  under  special  conditions 
the  acute  dermal  toxicity  test  may  be  re¬ 
quested  and  should  follow  the  acute  or  sub¬ 
acute  toxicity  test  (s) . 

As  toxicity  tests  migrate  frmn  the  labora¬ 
tory  to  full-scale  field  tests,  it  becomes  more 
realistic,  but  more  difficult  to  control  im¬ 
portant  parameters  and  variables.  The  simu¬ 
lated  field  tests,  both  small-pen  and  large- 
pen,  provide  intermediate  data  to  evaluate 
wildlife  toxicity  under  semi-natural  condi¬ 
tions.  Simulated  field  tests  necessarily  follow 
acute  and  sub-acute  toxicity  studies.  Large- 
pen  simulated  tests  have  been  used  to  meas¬ 
ure  chronic  effects,  including  those  cm  repro¬ 
duction. 

Data  from  laboratory  tests  and  simulated- 
field  tests  ore  useful  in  planning  an  unre¬ 
stricted  field  test.  Again  by  necessity  this 
test  must  follow  both  the  acute  and  sub¬ 
acute  toxldty  tests  and  generally  the  simu¬ 
lated  field  tests.  This  unrestricted  field  test 
gives  data  cm  actual  commercially  treated 
pesticide  target  areas  where  non-target  wild¬ 
life  live  unhampered  in  their  feeding,  mating 
and  reproductive  activities. 

ACUTE  AND  SUBACtTTE  TOXICITY  STUDIES  ON 
WILD  MAMMALS 

Although  general  laboratory  or  domestic 
mammal  toxicity  data  are  required  on  both 
active  Ingredlent(s)  and  formulatlon(s)  as  a 
normal  component  of  the  application  for  a 
pesticide  registration,  certain  unique  ccmdl- 
tlons  of  proposed  usage  may  lead  to  special 
requirements  for  single  dose  (acute)  and 
subacute  toxicity  studies  on  wild  mammals. 
While  comparative  toxicities  of  compounds 
can  be  rather  well  Judged  by  the  results  with 
standard  laboratory  mammalian  tests,  the 
extent  of  species  variations  in  pesticide  toxic¬ 
ity  is  certainly  large.  Therefcsre,  it  may  be 
of  occasional  Importance  to  undertake  some 
additional  toxicity  evaluation  with  wild 
^lecles  occupying  habitats  which  may  be  im¬ 
pacted  by  a  proposed  usage.  Such  data  should 
only  be  required  of  the  actual  formulation  (s) 
proposed  for  use. 

The  test  protocol  for  determination  of  the 
“approximate  maximum  tolerated  dose"  de¬ 
velops  minimal  data  regarding  a  species’  sen¬ 
sitivity.  It  is  useful  when  costs  and  various 
other  complications  In  conducting  tests  with 
large  and/or  rare  animal  species  preclude 
conventional  toxicity  testing.  If  these  con¬ 
straints  do  not  apply,  acute  oral  LD-fiO  and 
subacute  dietary  toxicity  tests  should  be  un¬ 
dertaken  employing  standard  protocols  for 
mammalian  toxicity  tests  with  management 
apprc^rlate  to  the  test  species  selected  (e.g. 
Webb  and  Horsfall.  1967). 

Protocol  for  Determination  of  the  Af- 

PROxiMATB  Maximum  Tolerated  Dose 

The  purpose  ot  this  test  in  wild  mammals 
is  to  detect  species  differences  to  the  toxic 
effects  at  a  pesticide.  A^such.  it  is  not  al¬ 
ways  essential  that  precise  LD-60  values  be 
ascertained,  rather  the  approximate  maxi¬ 
mum  tolerated  dose  Is  estimated  and  the 
character  of  the  toxic  syndrome  determined. 
Careful  observations  and  thorough  necropsy 
examination  are  essential. 

Testing  Is  carried  out  by  preliminary  range 
finding  to  establish  the  approximate  lethal 
dose,  and  subsequently  dosing  additional  ani¬ 
mals  with  amounts  according  to  the  geomet¬ 
ric  progression  indicated  by  the  results  or 


standard  mammalian  acute  toxicity  tests. 
Testing  may  use  a  single  and/or  multiple 
dosing  schedule.  The  latter,  if  extended  for 
at  least  10  days  or  more,  can  be  used  to  arrive 
at  an  impression  of  the  relative  chronlclty 
of  the  pesticide  in  the  wild  species  in  place 
of  an  extended  subacute  toxicity  test.  After 
dosing,  animals  are  observed  for  several  days 
for  delayed  toxic  effects.  Beyond  simply 
mortality,  signs  of  intoxication  such  as  loss 
of  weight,  anorexia,  diarrhea,  etc.,  are  Im- 
pmrtant.  The  general  procedures  followed  in 
testing  the  toxicity  of  herbicides  in  cattle 
and  sheep  by  the  Toxicological  Investigations 
Laboratory,  Animal  Disease  and  Parasite  Re¬ 
search  Division  of  the  U.S.D.A.  Agricultural 
Research  Service  are  typical  and  represent 
common  practice  (UB.DJt.  Agricultural  Re¬ 
search  Service,  1969). 

METHODS  AND  MATERIALS 

Animal  Selection.  It  must  be  appreciated 
that  In  undertaking  toxicological  evaluations 
using  test  species  outside  the  normal  types, 
many  uncertainties  arise  and  standardized 
protocols  for  such  research  do  not  exist. 
Those  well-known  major  factors  that  Infiu- 
ence  LD-50  values  within  a  species  such  as 
genetics,  sex,  age.  nutritional  and  stress  fac¬ 
tors  relating  to  unnatural  conditions  as  well 
as  social  aspects  within  the  micro-environ¬ 
ment,  are  all  subject  to  poor  control  and 
the  test  results,  at  best,  are  subject  to  un¬ 
certain  interpretation.  These  precautions  are 
ably  discussed  by  Hurni  (1970).  The  best 
policy  to  follow  Is  to  attempt,  within  the 
constraints  dictated  by  the  particular  species 
selected,  to  exercise  those  principles  of  ani¬ 
mal  selection  and  management  known  to  be 
sound;  animals  must  be  In  healthy  condi¬ 
tion.  as  free  of  social  and  environmental  stress 
as  possible,  acclimated  to  diet  and  uninflu¬ 
enced  by  drugs.  Normally,  adults  of  similar 
age,  as  judged  at  least  by  body  weight  (but 
preferably  by  additional  methods  as  well), 
would  be  used  and  data  from  both  sexes 
should  be  obtained  if  possible.  Use  of  reared 
stock  would  generally  be  preferable  to  llve- 
triqiped  animals. 

Animal  Conditioning.  Animals  selected 
from  appropriate  sources  are  allowed  a  pro¬ 
longed  period  of  acclimatization  to  the  test 
facilities  and  feed.  Use  of  paired  controls  is 
desirable  in  tests  with  wildlife. 

Dose  Selection.  Eiosages  are  calculated  on 
a  mg/kg  body  weight  basis  for  the  active 
component(8)  of  eath  chemical  tested.  Selec¬ 
tion  of  the  dosage  rates  for  each  type  of  teat 
animal  Involve  several  variables.  The  initial 
dosage  level  is  estimated  from  existing  acute 
toxicity  data  and  the  toxic  range  found  by 
trial  and  error.  When  a  toxic  dosage  was 
found,  additional  dosages  above  and  below 
this  rate  are  applied  to  other  animals.  Where 
a  step-by-step  Increase  of  dosage  indicates 
increased  toxicity,  repetition  of  individual 
dosages  is  not  considered  essential. 

Chemical  Administration.  Oral  dosing  is 
generally  accomplished  by  stomach  place¬ 
ment  of  gelatin  capsules  containing  the 
chemical  or  its  formulation  using  a  balling 
gun,  or  "drenching”  in  which  a  solution 
or  suspension  of  the  chemical  is  introduced 
into  the  stomach  by  syringe  and  stomach 
tube.  Occasionally  It  is  necessary  to  conceal 
the  dose  in  an  attractive  food  item. 

Toxicity  differences  may  arise  from  the 
manner  of  dosing.  Drenching  usually  Involves 
water-diluted  preparations  as  compared  to 
undiluted  material  ifiaced  In  ci^isules.  Data 
from  the  ARS  Toxicological  Investigations 
Laboratory  Indicate  >  general  Inconsistency 
between  these  forms  of  dosing  but  no  gen¬ 
eralization'  Is  possible  favoring  one  over  the 
other.  Use  of  a  solvent  such  as  com  oil  and 
Its  volume  may  also  affect  the  acute  toxicity 
evaluation. 

For  the  immediate  purpose  of  Interspecles 
comparisons.  It  Is  suggested  that  the  solvent 


or  dtqiersant  should  match  that  used  In  the 
primary  mammalian  acute  toxicity  testing. 
The  volume  administered  orally  should  never 
exceed  2-3  percent  of  the  body  weight  and 
should  be  constant  at  all  dosage  levels. 

Absorption  effects  related  to  the  amount  at 
feed  in  the  digestive  tract  are  normally  mini¬ 
mized  by  overnight  starvation  prior  to  ad¬ 
ministration  of  the  chemical  dose.  Feed 
should  be  provided  following  dosing  and 
water  ad  libitum  prior  to  and  following  dos¬ 
ing.  Withholding  feed  for  ruminants  server 
little  purpose  and  it  is  preferred  to  maintain 
such  animals  on  restricted  feed  allotments 
calculated  to  maintain  body  weight. 

Dosing  Schedule  and  Test  Design.  Testing 
may  use  a  single  and/or  a  multiple  dose 
schedule.  Using  the  single  dose  schedule  the 
test  animal  is  observed  for  several  (iqiprox. 
10)  days  following  the  dose  for  signs  of  toxic 
effect  (loss  of  weight,  anorexia,  abnormal 
function  or  behavior).  Using  the  multiple 
dose  schedule  the  test  animal  is  observed 
during  a  series  of  10  or  more  daily  dose  ad¬ 
ministrations.  The  observation  period  should 
be  extended  for  10  days  following  the  last 
dose  administered. 

REPCMtTTNG  OF  DATA 

The  following  Is  a  check  list  of  consid¬ 
erations  used  in  reporting  approximate  max¬ 
imum  tolerated  dose  studies  of  pesticides 
on  wildlife.  Apprc^riate  items  are  to  be 
noted  on  control  and  treated  test  animals 
or  groups  before,  after  and  during  the 
test:  Date  of  Test;  Species;  Source;  Age  and 
how  determined;  Body  weight;  Number  per 
Test;  Sex  Distribution;  Feed  Descr4>tion; 
Feed  Consiunptlon;  Pesticide  Dosing  (pesti¬ 
cide  formulation,  type  and  description)  dos¬ 
age  preparation,  diluent  concentratUm,  vol¬ 
ume  administered,  mode;  Dose  Schedule; 
Signs  of  toxicity  (with  day  noted);  weak¬ 
ness;  posture;  anorexia;  diarrhea;  irritabil¬ 
ity;  other;  Mortality;  Accidental  Deaths  or 
Injturies;  specifically  note  other  signs  Indi¬ 
cated  in  previous  mammalllan  tests;  Necrop¬ 
sy  Data;  Histopathology  (if  suggested  by 
observations  In  necropsy);  Estimated  Max- 
mlum  Tolerated  Dose;  single  dose  adminis¬ 
tration;  repeated  dose  administration. 
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Protocol  for  Laboratory  Acute 
Oral  Toxicity — ^Bibo* 

The  purpose  of  this  test  Is  to  determine 
the  slngle-doee  oral  LD-60  of  a  pesticide  to 
Edld  avian  ^pecles  under  laboratory  condi¬ 
tions.  The  information  accumulated  by  com¬ 
pleting  this  test  will  be  used  along  with 
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other  toxicity  information  to  evaluate  the 
hazards  of  the  chemical  to  wildlife. 

The  following  protocol  is  a  clarification  of 
the  USDA  acute  m’al  protocol  (Exhibit  ^1) 
with  some  minor  changes.  The  USDA  proto¬ 
col  was  the  only  protocol  found  that  was 
detailed  enough  to  be  recommended  as  ac¬ 
ceptable  for  use  by  EPA  for  their  pesticide 
registration  guidelines.  Other  references  ex¬ 
amined  for  wild  birds  are  similar  but  lack 
specific  details. 

METHODS  AND  MATERIALS 

Species  and  History.  The  test  species  of 
choice  are  pen-reared  Bobwhites  and  Mal¬ 
lards  not  less  than  16  weeks  of  age.  Birds 
should  not  have  been  mated  before  being 
placed  on  test.  A  history  of  rearing  practices 
such  as  photoperiod,  medication,  type  of 
food,  etc.,  should  be  included  in  the  report. 

All  lots  of  birds  should  be  healthy  and 
uniform  and  without  deformity.  All  lots 
should  be  weighed,  then  held  for  a  minimum 
of  14  days  pritMr  to  the  test.  If  done  indoors, 
temperature  and  humidity  should  be  con¬ 
trolled.  with  freedom  from  drafts  and  sudden 
noises  which  could  disturb  the  test  birds. 
Any  lots  of  birds  that  suffer  an  abnormal 
weight  loss  or  above  10  percent  mortality 
during  the  holding  period  should  be  dis¬ 
carded. 

Cages.  All  birds  shall  be  caged  by  treat¬ 
ment  level  groups  or  subgroups  under  ac¬ 
ceptable  animal  husbandry  practices. 

Weight.  All  birds  must  be  weighed  in 
grams  at  the  beginning  of  the  test,  and  on 
days  3,  7,  and  14  after  oral  administration. 
AIto,  birds  should  be  weighed  at  termina¬ 
tion  of  the  test  if  it  extends  beyond  14  days. 

Diet  and  fasting.  Feed  and  water  must  be 
withheld  from  the  control  and  test  birds 
(Bobwhites  and  Mallards)  for  16  hr  prior 
to  oral  administration  of  the  chemical.  At  all 
other  times,  birds  shall  have  free  access  to 
feed  and  water.  The  diet  fed  must  be  a  stand¬ 
ard  feed  ration  known  to  be  adequate  for 
game  birds  and  without  antibiotics. 

Feed  consiimption  shall  be  determined 
weekly  for  treated  and  control  birds.  The 
feed  constuned  must  be  reported  as  average 
daily  food  consumption  for  each  dose  level. 

Preparation  of  test  material.  1.  When  a 
diluent  is  required,  the  preferred  diluent  is 
distilled  water.  However,  when  a  test  chem¬ 
ical  is  not  water-soluble,  other  diluents 
which  may  be  used  Include  table-grade  com 
oil,  propylene  glycol,  and  1  percent  carboxy- 
methylcellulose.  Diluents  which  have  known 
toxic  or  emetic  properties  at  the  level  used 
are  to  be  avoided. 

Recommended  maximum  amount  of  dilu¬ 
ent  per  dosage  is  0.1  to  1  percent  of  body 
weight.  The  total  volume  for  all  dosage  levels 
should  have  a  constant  volume  to  body 
weight  factor. 

The  diluent  is  to  be  administered  to  con¬ 
trol  birds  at  the  same  volume  given  test 
birds. 

2.  When  a  diluent  is  not  used,  the  technical 
material  should  be  accurately  weighed  di¬ 
rectly  or  mlcrosyringed  into  gelatin  capsules 
from  precisely  diluted  acetone  solutions.  The 
acetone  should  be  completely  evaporated  off 
at  room  temperatxire  before  the  capsules  are 
used. 

Method  of  administration.  The  test  chem¬ 
ical  is  placed  by  oral  Intubation  into  the  crop 
at  proventriculus. 

Number  of  birds  per  dose  level.  The  num¬ 
ber  of  test  birds  per  treatment  level  shall  be 
no  less  than  6  of  each  of  sex.  The  nmnber  of 
control  birds  shall  be  no  lees  than  5  of  each 
sex.  The  ntunber  of  birds  per  treatment  level 
and  the  number  of  controls  shall  be  reported. 

Dosage-mortality  data.  The  factor  be¬ 
tween  dosage  levels  used  to  determine  the 


acute  IjD-50  should  be  based  on  a  geometric 
or  logarithmic  scale.  There  should  be  a 
minimum  of  6  dosage  levels  used  in  calctilat- 
ing  the  acute  oral  IiD-50. 

The  determination  of  an  acute  oral  IJ3-50 
shall  follow  any  acceptable  method.  Two  ex¬ 
amples  of  acceptable  methods  are  Thompson 
and  Weil  (1952)  and  Litchfield  and  Wilooxon 
(1949). 

Period  of  observation.  The  test  animals 
shall  be  observed  until  death  or  for  a  mini¬ 
mum  of  14  days.  The  observation  period 
should  be  longer  if  signs  of  toxicity  are  still 
evident.  The  time  of  all  deaths  shall  be 
recorded  by  day.  If  more  than  10  percent 
of  the  control  birds  die  dtiring  the  test  pe¬ 
riod,  the  test  shall  be  considered  inVklid. 

Recording  of  signs.  All  signs  of  intoxica¬ 
tion  shall  be  recorded  as  they  occur. 

REPORTING  OF  DATA 

Should  Include  pertinent  Information  on 
the  items  listed  below.  The  metric  system 
should  be  used  for  units  of  measure.  Dates 
of  test;  Species  and  rearing  history;  Sources 
of  birds;  Age  and  sex;  Body  weights;  Diet 
used;  Pen  dimensions;  If  pen  indobrs  or  out¬ 
doors;  Weather  condition,  if  outdoors;  Tem¬ 
perature  and  humidity  data,  if  indoors;  Feed 
consumption;  Preparation  of  test  material; 
Method  of  administration;  Amount  of  test 
material  dosed  per  bird;  Amount  of  diluent 
dosed  per  bird,  if  used;  Number  of  birds  per 
treatment  level;  Number  of  controls  em¬ 
ployed;  Method  used  for  calculating  LD-SO; 
Length  of  observation  period;  Time  of  mor¬ 
talities;  Record  of  all  signs  of  intoxication 
or  if  any  regurgitation  occurs. 

The  determined  LD-50  and  the  confidence 
limits  shall  be  reported  in  the  following 
manner: 

Test  chemicals  and  Bird  species  LU-50  in  milli- 
purity  or  formu-  and  sex.  grams  wr  kilo* 

IsUon.  gram  ((wnlldence 

limits). 

Additional  data.  Necropsies  could  give 
valuable  additional  data,  but  are  not  neces¬ 
sarily  required.  When  necropsies  are  con¬ 
ducted,  they  should  include  a  general  in¬ 
spection  of  the  digestive  tract,  liver,  kidneys, 
heart  and  spleen  at  the  time  of  death  and 
at  the  termination  of  the  test  for  both  con¬ 
trol  and  test  birds.  Any  gross  pathological 
changes  should  be  reported. 
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Exhibit  1 

BOBWHITE  QUAIL  LABORATORY  ACUTE  ORAL 
TOXICITY  TEST  METHOD 

Pesticides  Regulation  Division 
Rodentlcides  Evaluation  Staff 

Conditions  and  procedures  described  below 
relate  to  routine  measurements  of  acute  oral 
toxicity  or  pesticides  to  bobwhite  quail  under 
laboratory  conditions.  The  results  of  these 
tests  may  be  used  only  as  a  general  guide  to 
the  toxicity  class  of  a  given  pesticide.  The 
nature  of  some  pesticides  may  require  that 
chronic,  dermal  and  inhalation  tests  be  con¬ 
ducted  to  further  evaluate  certain  character¬ 
istics  of  the  chemical.  The  acute  oral  toxic¬ 
ity  protocol  is  not  a  valid  method  for  chron¬ 
ic  studies. 

Evaluation  as  to  the  hazard  of  a  formula¬ 
tion  in  the  environment  may  require  field 
testing. 

METHODS  AND  MATERIALS 

A.  Species.  The  test  species  of  choice  is  pen 
reared  bobwhite  quail  not  less  than  16  weeks 
of  age.  (However,  if  bobwhite  quail  are  un¬ 
available,  a  second  choice  would  be  pen 
reared  Coturnix  quail  not  less  than  10  weeks 
of  age).  Birds  should  not  have  mated  before 
being  placed  on  test. 

All  lots  of  birds  should  be  healthy  and  uni¬ 
form  and  without  deformity.  All  lots  should 
be  weighed,  then  held  indoors  21  days  under 
controlled  temperature  and  humidity  prior 
to  using  them  in  a  test.  Any  lots  of  birds 
that  suffer  an  abnormal  weight  loss  10% 
mortality  during  the  holding  period  should 
be  discarded. 

The  test  room  should  also  have  controlled 
temperature  and  humidity  as  well  as  freedom 
from  drafts  and  sudden  noises  which  will  dis¬ 
turb  the  birds. 

B.  Sex.  The  sexes  of  the  birds  placed  on  test 
and  on  control  shall  be  equally  divided.  All 
birds  shall  be  individually  caged.  The  mini¬ 
mum  cage  size  for  bobwhite  quail  shall  be  no 
less  than  12"  x  20"  x  10"  high,  with  food  and 
water  placed  on  the  outside  of  the  test  cage. 

C.  Weight.  Weight  must  be  recorded  in 
grams  for  all  birds  at  the  beginning  of  the 
test.  Three  days  after  dosing,  all  surviving 
birds  must  be  weighed  again  and  every  three 
days  thereafter  to  the  termination  of  the 
test. 

D.  Diet  and  fasting.  All  birds  shall  have 
free  access  to  feed  and  water  prior  to  end 
after  dosing.  The  feed  diet  must  be  a  standard 
feed  ration  known  to  be  adequate  for  game 
birds  and  without  antibiotics.  Feed  and 
water  must  be  withheld  from  the  control 
and  test  birds  for  16  hours  prior  to  dosing. 

Feed  consumption  shall  be  determined 
daily.  The  feed  consumed  must  be  reported 
as  average  dally  food  consumption  for  eacu 
dose  level. 

E.  Preparation  of  test  material.  When  the 
test  chemical  is  in  liquid  form  it  must  be 
administered  in  that  form.  When  a  diluent 
is  required  the  preferred  one  Is  distilled 
water.  However,  when  a  test  chemical  is 
not  water  soluble,  other  diluents  which  may 
be  used  are:  table  grade  corn  oil,  propylene 
glycol,  carboxymetbylcelluloee,  and  normal 
saline.  Diluents  which  have  known  toxic 
properties  are  (o  be  avoided. 

The  diluent  is  to  be  administered  to  con¬ 
trol  birds  at  the  same  dose  level  given  test 
birds,  but  without  the  test  chemicals. 

The  diluent  shall  be  reported. 

F.  Method  of  administration.  The  method 
of  administration  of  the  test  chemical  may 
be  by  encapsulation  or  by  oral  injection  with 
a  sm'inge  equipped  with  a  fiexlble  catheter.) 

The  method  of  administration,  shall  be 
reported. 
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G.  Number  of  birds  per  dose  level.  Alter  a 
dose  range  has  been  determined,  bj  range 
finding  techniques,  the  number  of  test  birds 
per  dose  level  shall  be  no  less  than  10  of 
each  sex. 

The  number  of  control  birds  shall  be  no 
less  than  10  of  each  sex. 

The  number  of  birds  per  dose  level  and 
the  number  of  controls  s^ll  be  reported. 

The  determination  of  an  acute  oral  LD^ 
shall  follow  tiie  method  outlined  by  Litch¬ 
field  and  Wllcoxon.* 

The  determined  LDr,o  and  the  confidence 
limits  shall  be  r^>orted  in  the  following 
naanner: 

Test  Chemical  &  Purity,  Bird  Species  &  Sex, 
LDg,  in  Mg/Kg.  (Confidence  Limits) 

•H.  Doae  Interval.  After  the  general  toxicity 
range  has  been  determined,  the  dose  interval 
used  to  determine  the  acute  LD„  should  be 
based  on  a  geometric  or  logarithmic  scale. 
The  dose  range  should  provide  not  more  than 
20%  mortality  at  the  low  end  of  the  scale, 
40-60%  mortality  at  the  center  of  the  scale, 
and  not  less  than  80%  mortality  at  the  upper 
end  of  the  scale. 

I.  Period  of  Observation.  The  test  animals 
shall  be  observed  until  death  or  for  21  days 
after  dosing.  The  time  of  death  shall  be 
recorded  by  day. 

If  20%  or  more  of  the  control  birds  die 
during  the  test  period,  the  test  shall  be  con¬ 
sidered  Invalid. 

J.  Recording  of  Symptoms.  When  symp¬ 
toms  of  intoxidatlon  occur,  they  shall  be 
recorded  daily. 

K.  Necropsies.  A  general  inspection  of  the 
digestive  tract,  liver,  kidneys,  and  ^>leen 
should  be  made  at  the  time  of  death  or  at 
the  end  of  the  test  period  for  both  control 
and  test  birds.  Any  gross  pathological 
changes  shall  be  reported. 

L.  departing  of  the  experiment  shall  in¬ 
clude  pertinent  Information  on  the  above 
listed  sections  A  through  K.  The  mortality 
curve,  plotted  on  logarithmic-probability 
graph  paper,  and  a  copy  of  the  laboratory 
worksheet  must  accompany  the  final  report. 

Protocol  for  Determining  Lethal  Dietart 

Concentrations  or  Chemicals  to  Biros  (5 

Dat-Dietart-LC-SO) 

The  determination  oi  the  relative  toxicity 
of  economic  palsons  to  birds  is  valuable  in 
assessing  the  potential  hazard  of  chemicals 
to  wildlife.  Because  the  route  of  exposure 
of  chemicals  in  birds  is  commonly  through 
ingestion,  this  test  procedure  is  appropriately 
useful.  This  basic  method  as  described  by 
Heath  and  Stlckel  (1965)  and  Heath  et  al. 
(1972),  is  the  only  published  protocol  on 
avian  LC-50  determination. 

METHODS  AND  MATERIALS 

Test.  This  method  determines  a  chemical's 
toxicity  to  birds  expressed  as  the  median 
lethal  concentration  (LC-50)  of  chemical 
(technical  material)  in  dry  diet.  The  LC- 
50  being  the  parts  per  million  (ppm)  toxi¬ 
cant  In  an  od  libitum  diet  expected  to  pro¬ 
duce  50  percent  mortality  among  2  to  3  week 
old  birds  in  8  days  (5  days  on  treated  diet 
followed  by  8  days  on  untreated  diet) . 

Spedea.  This  protocol  is  mip^op^ate,  with 
modifications,  for  moat  bird  q>ecles.  but  It 
addresses  primarily  the  Mallard  and  Bob- 
white. 

Source  of  strain  of  birds.  Test  birds  should 
be  pen-reared  and  phenotyplcally  Indistin¬ 
guishable  from  wild  birds.  Zt  Is  recom¬ 
mended  that  birds  be  utilized  only  from  colo- 


•Lltchfleld.  J.  T..  Jr.  and  F.  WUcoxon. 
1949.  A  simplified  method  of  evaluating  dose- 
effect  experiments.  J.  Pharm.  and  Exp. 
Therap.  96:99-113  (May-August). 


nies  that  have  ha(f  breeding  histories  main¬ 
tained  for  them. 

Age  and  sex.  Test  birds  should  be  neither 
less  than  10  days  nor  greater  than  15  days 
of  age  at  the  initiation  of  the  test.  It  should 
be  noted  that  LC-50  determinations  may  be 
affected  by  the  age  of  the  birds  at  the  time 
of  testing. 

A  random  selection  of  brlds  without  re¬ 
gard  to  sex  should  be  used  because  deter¬ 
mination  of  sex  is  not  feasible  at  this  age. 

Health  of  Birds.  Only  birds  in  apparent 
good  health  should  be  used.  Birds  with 
obvious  abnormalities,  injuries  or  sickly  in 
appearance  should  be  excluded. 

Pen  Facilities.  Pen  conditions  should  con¬ 
form  to  good  husbandry  practices.  The  fol¬ 
lowing  appears  satisfactory: 

Size.  Bobwhlte  (about  10  birds  per  pen) 
may  be  tested  in  commercial  brooder  units 
with  individual  pens  measuring  approxi¬ 
mately  35  X  100  X  24  cm  high.  Waterfowl 
(Mallards)  may  be  tested  in  pens  70  x  100 
X  24  cm  high.  Floors  and  external  walls  can 
be  of  wire  mesh,  while  ceilings  and  common 
walls  may  be  of  galvanized  sheeting. 

Temperature  and  Relative  Humidity  (RH). 
For  Bobwhltes  and  Mallards,  temperature 
should  be  about  36*C.  It  can  be  maintained 
with  thermostatically  controlled  central 
heating.  The  relative  humidity  should  be 
about  30-80  percent.  Adequate  ventilation 
should  be  maintained. 

Lighting.  Flixweacent  or  Incandescent 
lighting  may  be  supplied  varying  light  regi¬ 
mens.  It  may  fedlow  the  diurnal  variation 
or  be  maintained  continuously  24  hours  per 
day. 

Test  Diets.  A  standard  commercial  game 
bird  diet  or  its  equivalent  should  be  used. 
Water  should  be  continuously  available. 

To  prepare  test  diets,  the  chemical  may  be 
dissolved  In  table-grade  com  oil  or  other 
necessary  vehicle  (l.c.  propylene  glycol)  and 
mixed  thoroughly  with  dry  commercial  mash 
in  a  ration  of  2  parts  of  solution  to  98  parts 
ot  feed  by  weight.  An  equivalent  amount  of 
vehicle  should  be  added  to  untreated  diets. 
Diets  can  be  mixed  by  commercial,  mechan¬ 
ical  food  mixers.  Only  freshly  mixed  diets 
should  be  used. 

Number  of  Concentrations.  Generally, 
each  chemical  Aould  be  administered  in  6 
dietary  concentrations  spaced  geometrically 
over  a  span  intended  to  produce  mortality 
ranging  from  10  to  90  percent.  It  is  advisable 
to  perform  a  range  finding  study  prior  to 
selecting  concentrations  for  testing. 

Test  birds  should  be  preconditioned  to  the 
test  facilities  for  at  least  one  day  prior  to 
testing  and  fed  untreated  food  prior  to 
dosage. 

Number  of  Birds/Concentration.  Prom  6 
to  15  birds  or  more  may  be  used  per  con¬ 
centration;  10  birds  per  concentration  seems 
to  be  practical  and  Is  statistically  useful. 

Use  of  Dieldrin  Standard.  A  dleldrln  “stcuid- 
ard”  of  6  concentrations  plus  3  pens  of  con¬ 
trols  can  be  included  artth  any  given  set  of 
chemicals  being  tested  to  identify  possible 
differences  in  animal  sensitivity  between  ex¬ 
periments.  Dleldrln  “standard”  tests  may  be 
optional  at  given  laboratories  that  have  es¬ 
tablished  the  "standard”  in  prior  tests  for 
assessing  their  bird  oolonies  and  that  are 
repeatedly  conducting  LC-50  determina¬ 
tions.  It  is  advisable  to  annually  conduct 
dleldrln  “standard”  tests  to  assure  continued 
uniformity  of  bird  colonies. 

Observations  on  Signs  of  Intoxication. 
Throughout  the  test,  all  signs  of  intoxication 
and  abnormal  bMiavlor  should  be  noted.  Any 
unusual  manifestation  of  the  ^emlcal  to 
the  test  hbds  should  be  recorded. 

Food  Consumption,  llstlmates  of  average 
food  constimptlon  as  measured  dally  per  se¬ 
lected  pens  should  be  made  for  birds  In  each 
test.  Although  food  spillage  hinders  this  cal¬ 


culation,  this  datum,  alrnig  arith  other  infor¬ 
mation  may  be  us^Ul  in  the  evaluation  of 
the  hazards  or  repellency  of  a  particular 
chemical. 

Statistical  Design.  A  completely  ran¬ 
domized  design  should  be  used  in  each  ex¬ 
periment  with  treatments  and  birds  ran¬ 
domly  assigned  to  pens. 

Statistical  Procedure  for  Handling  Data. 
The  LC-50  values  and  associated  statistics 
can  be  derived  by  methods  of  problt  analy¬ 
sis  as  described  by  Finney  (1952)  and  pro¬ 
grammed  for  computer  by  Daum  and  Klll- 
creas  (1966).  The  application  of  the  basic 
problt  method  by  Litchfield  and  Wllcoxon 
(1949),  Well  (1952),  Miller  and  Talnter 
(1944)  or  other  appropriate  sources  may  be 
utUiz^. 

REPORTING  OF  DATA 

The  following  information  and  data  should 
be  reported:  Dates  erf  test;  Species;  Breeding 
history  of  test  birds;  Source  and  strain  of 
test  birds;  Age  (days);  Sex;  Housing  condi¬ 
tions  (including  temperature,  RH.,  lifting); 
Test  diets;  Chemical  tested  (chemical  struc¬ 
ture);  Diluent(s)  used;  Number  of  concen¬ 
trations  of  chemical  used;  Number  of  birds 
per  concentration;  Standard  used;  Signs  of 
Intoxication  (including  unusual  responses  to 
chemical  by  test  birds);  Food  consumption; 
LC-50  determinations  (ppm)  with  95  percent 
confidence  limits. 

ADDITIONAL  DATA  (IF  COLLECTED) 

Analysis  of  concentrates;  Length  of  obser¬ 
vations  (if  observation  period  extended); 
gross  pathology. 

Additional  Considerations — Analysis  of 
Concentrates.  It  may  be  desirable  to  sample 
and  anal3rze  the  chemical  diet  pre-mix  con¬ 
centrate  to  determine  the  level  of  chemical 
used  in  treated  diets. 

Length  of  Observation.  The  period  after 
the  5-day  exposure  of  birds  to  treated  diets 
should  be  extended  as  long  as  test  birds  ex¬ 
hibit  toxic  signs  or  birds  die. 

Gross  Pathology.  Pathological  examination 
should  be  conducted  on  a  sample  of  birds 
that  die  and  some  survivors  to  identify  gross 
lesions.  These  data  may  be  useful  for  diag¬ 
nostic  purposes  related  to  mortality  of  birds 
that  might  die  In  the  field. 
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Reproduction  Tests  on  Birds 

The  Environmental  Protection  Agency  nmy 
require  reproductive  rtvdlfft  with  pes¬ 
ticides  on  the  Bobwhlte  and  Mallard,  under 
certain  circumstances,  for  the  registration 
of  the  pesticide.  Results  from  such  tests 
should  refiect  possible  kinds  of  effects  of  any 
pesticide  on  idl  reproductive  parameters  If 


FEDBUVL  REdSIW,  VOL  40,  NO.  123— WEDNESDAY,  JUNE  25,  1975 


I 


26916 

possible,  including  chronic  effects.  Reproduc¬ 
tive  parameter  measurements  should  Include 
effects  on  the  adult,  egg  and  hatched  young. 
Pesticides  which  may  require  such  testing 
are  those  which  are  persistent,  are  stored 
or  acciimulate  in  plant  or  animal  tissues,  or 
are  used  under  conditions  where  wild  birds 
may  be  subjected  to  repeated  or  continuous 
exposure. 

Although  the  reproductive  parameters 
measured  for  both  species  are  similar,  the 
detailed  Information  required  makes  it  neces¬ 
sary  to  have  a  separate  protocol  on  efu:h 
species.  These  protocols  themselves  are  not 
complete  but  furnish,  along  with  the  more 
specific  information  in  references  cited,  the 
backbone  of  information  necessary  and  de¬ 
sired  to  properly  evaluate  the  effects  of 
pesticides  on  the  reproduction  of  the  Bob- 
w‘hite  and  Mallard. 

Most  of  the  bird  reproduction  data  in  the 
literature  dates  from  1970  and  has  been  on 
the  chicken,  Japanese  quail.  Ring-necked 
pheasant  and  certain  species  of  doves  and 
finches,  etc.  No  suitable  complete  protocol 
was  available  from  any  of  the  literature  fOT 
the  Bobwblte;  more  information  (but  still 
insufficient)  was  available  for  the  Mallard, 
especially  in  respect  to  the  egg-shell  thinning 
parameter  of  bird  reproduction.  Literature 
references  have  been  written  by  researchers 
already  familiar  with  bird  tests,  so  many 
details  were  not  included  in  the  protocol 
of  such  writeup.  Therefore,  the  recent  un¬ 
published  literature,  as  well  as  published 
literature,  was  used  as  a  basis,  not  for  writing 
new  test  methods,  but  for  preparing  a  com¬ 
posite  of  information  on  the  Bobwhite  and 
Mallard  which  would  constitute  working 
protocols  on  reproduction. 

The  reproduction  test  is  also  useful  as  a 
measure  of  chronic  toxicity  as  well  m  tera¬ 
togenicity.  It  is  a  logical  test  to  follow  the 
6-day  dietary  LC-50  test  and  to  do  before 
field  testing  on  a  large  scale.  Care  must  be 
taken  with  meaEtu*ing  the  reproduction 
parameters  since  there  is  considerable  varia¬ 
tion  depending  on  the  care  taken  in  all  stages 
of  the  test.  Since  all  tests  are  compared  with 
the  control,  misleading  comparisons  on  test 
chemical  evaluations  may  occur  if  normal 
variations  in  test  data  are  not  established  in 
control  birds  for  each  parameter. 

Protocol  for  Evaluation  or  Reproductive 

Effects  of  Pesticides  on  the  Bobwhite 

methods  and  materials 

Test  (Mimals.  Pen-reared  Bobwhite  pre¬ 
viously  untreated  approaching  their  first 
breeding  season,  phenotypically  indistin¬ 
guishable  from  wild  birds,  should  be  used 
as  test  animals.  All  birds  should  be  examined 
following  shipment  for  possible  physical  in¬ 
jury  that  may  have  been  encountered  in 
transit.  If  deemed  necessary,  several  birds 
may  be  randomly  selected  for  pretreatment 
necropsy  at  a  diagnostic  laboratory  to  assess 
the  state  of  health  upon  arrival. 

It  is  recommended  that  a  history  of  rear¬ 
ing  practices  be  ascertained.  This  history 
should  Include  lighting  practices  during  rear¬ 
ing,  diseiise  record,  drug  and  any  other 
medication  admlnisteaKl  and  exact  age. 

If  Bobwhite  that  have  completed  one  at 
more  Ineeding  seasons  are  to  be  used  as  test 
animals,  then  they  must  be  obtained  prior  to 
'Uie  onset  of  egg  production  for  another 
breeding  season. 

Test  groups.  A  minimum  of  8  test  groups 
of  Bobwhite  should  be  used.  One  group  must 
serve  as  a  contrcfi  and  2  groups  as  treated 
birds. 

By  random  distribution,  1  male  and  2 
females  per  pen,  replicated  by  a  minimum 
of  12  pens,  should  be  used.  If  1  male  and 
female  per  pen  are  used,  additional  pens 
should  be  added. 


PROPOSED 

RULES 

Oroap  Na 

DoSage  level 

Nnm>  BirdVpen 

ber  of  - 

pens  Male  Female 

1— control _ 

0 .  - 

12  1  2 

a— treated _ 

Xparts  per 
minion. 

12  1  2 

8— treated _ 

(n)Xpart8per 

million. 

12  1  2 

Note.— (n)=  some  multiple. 

Diet  preparation.  Cloncentrations  of  test 
substances  should  be  used  in  relationship  to 
residues  expected  or  determined  from  the 
proposed  registered  use  patterns  for  the  com¬ 
pounds.  The  highest  nonlethal  level  may  be 
estimated  from  data  used  in  calculating  the 
6-day  dietary  LC-60. 

Test  material  should  be  added  to  table 
grade  corn  oil  or  other  apprc^rlate  vehicle 
and  premixed  with  an  aliquot  of  basal  diet 
utilizing  a  mortar  and  pestle  or  mechanical 
blender.  It  is  recommended  that  the  aliquot 
of  basal  diet  used  for  the  premix  be  screened 
to  remove  large  particles  of  diet  before  blend¬ 
ing  in  the  com  oil  and  test  material.  The 
final  diet  should  be  a  uniformly  mixed  com¬ 
position  consisting  of  98  or  99  parts  by 
weight  of  the  basal  diet  and  2  or  1  parts  by 
weight  of  corn  oil.  The  basal  diet  should 
be  a  commercial  game  bird  breeder  ration 
or  its  equivalent  and  treated  with  an  equiv¬ 
alent  amount  of  vehicle.  The  premix  should 
be  stored  frozen  until  utilized  for  prepara¬ 
tion  of  the  test  diet.  Test  diets  should  be 
prepared  periodically  to  prevent  deteriora¬ 
tion  of  the  diet.  Test  diets  should  be  an¬ 
alyzed  for  pesticide  concentrations  at  in¬ 
tervals  during  the  tests. 

Testing  Phase — Test  Environment.  The 
Bobwhite  should  be  housed  in  breeding  pens 
of  adequate  size  conforming  to  good  hus¬ 
bandry  practices. 

Since  light  treatment  is  extremely  im¬ 
portant,  both  during  rearing  and  during  the 
egg  laying  period,  for  maximum  egg  produc¬ 
tion  all  Bobwhite  should  be  maintained  for 
the  first  8  weeks  under  a  regime  of  7  hours 
of  light  per  day. 

The  photoperiod  should  then  be  Increased 
to  16-17  hours  of  light  per  day  and  either 
maintained  at  this  level  or  increased  by  15 
minutes  per  week  for  the  following  12  weeks. 
(The  12-week  period  may  vary  depending 
upon  the  time  required  for  the  onset  of 
egg  production.)  An  illumination  Intensity 
of  6  ft-candles  at  the  bird  level  during  the 
lighting  phase  of  the  reproductive  study  is 
adequate.  Avoid  the  use  of  shorter  wave 
length  “cool  white”  fluorescent  lights  which 
do  not  simulate  the  daylight  spectrum. 

Temperature  and  relative  hiunldlty  control 
throughout  the  reproductive  test  is  desirable 
and  should  be  recorded.  Recommended  levels 
approximate  21*C  and  65  percent  relative 
humidity.  Ventilation  is  necessary. 

Feeding  and  Husbandry.  All  birds  should 
receive  the  appropriate  diet  ad  libitum  tor 
the  duration  of  the  study.  Water  is  to  be  pro¬ 
vided  ad  libitum.  The  test  chemical  should 
be  administered  not  less  than  10  weeks  be¬ 
fore  egg  laying  is  expected. 

Body  weights  should  be  recorded  at  weeks 
0,  2,  4,  6,  8  and  at  the  termination  of  treat¬ 
ment.  During  egg  laying  body  weight  re- 
oording  is  discouraged  because  of  the  adverse 
effects  that  handling  may  have  on  egg  pro¬ 
duction. 

Food  consumption  should  be  recorded  at 
least  at  biweekly  intervals  throughout  the 
study. 

Mortality  should  be  recorded  by  date  and 
morbidity  noted  together  with  clinical  signs 
throughout  the  test  phase.  Gross  path<4ogy 
data  should  be  considered  for  birds  that  die 
during  the  course  of  the  test  phase  and  for 
some  survivors. 


Egg  Collection,  Storage  and  Incubation. 
All  eggs  should  be  collected  dally,  marked 
according  to  pen  from  which  collected,  and 
stored  at  16  *C  and  66  percent  relative  hu¬ 
midity.  Eggs  should  be  set  at  weekly  intervals 
tor  incubation  in  a  commercial  incubator. 
All  eggs  should  be  candled  on  Day  0  for  egg¬ 
shell  cracks;  on  approximately  Day  11  to 
measure  fertility  and  early  death  of  embryos; 
and  on  Day  21  to  measure  embryo  survival. 
Transfer  should  be  made  on  Day  21  to  a  sep¬ 
arate  commercial  Incubator  or  hatcher  for 
hatching.  , 

Recommended  temperatures  and  relative 
humidity  during  Incubation  are  approxi¬ 
mately  37.5  °C  and  60  percent  relative  hu¬ 
midity.  Recommended  temperatures  and 
relative  humidity  during  hatching  phase  are 
approximately  37 ’C  and  70  percent,  respec¬ 
tively. 

Chick  Observation.  On  Day  24  of  incuba¬ 
tion  the  hatched  chicks  should  be  removed, 
hatcbablllty  recorded,  and  chicks  housed 
according  to  the  appropriate  parental  group¬ 
ing  and  maintained  on  control  diet  for  14 
days  (extend  if  appreciable  late  mortality 
occxu^).  The  diet  should  be  a  commercial 
Bobwhite  stuter  diet  or  its  equivalent. 

Eggshell  Thickness.  All  eggs  from  l-day’s 
collection  at  biweekly  Intervals  should  be 
measured  for  eggshell  thickness.  Preferably, 
eggs  laid  in  the  first  part  of  weeks  1,  8,  6,  7, 
and  9  of  the  egg-laying  period  should  be 
used  for  eggshell  measurements.  An  accepted 
procedure  is  to  crack  open  the  eggs  at  the 
widest  portion  (girth  or  waist),  wash  out 
all  egg  contents,  air  dry  the  shells  at  least 
48  hours,  and  then  measure  the  thickness 
of  the  dried  shell  plus  the  membranes  at  3 
or  4  points  around  the  girth  using  a  microm¬ 
eter  calibrated  to  0f)l  mm  units. 

Analysis.  Experimental  groups  should  be 
compared  to  the  control  group  by  analysis 
of  variance.  Sample  units  are  the  individual 
pens  within  each  experimental  group.  Param¬ 
eter  anal3rses  should  Include:  body  weight, 
food  consumption,  eggs  laid,  eggs  cracked, 
eggs  set,  fertility,  live  3-week  embryos, 
hatchabillty,  nmmal  chicks,  14-day-old  sur¬ 
vivors  per  number  of  eggs  hatched  and  per 
hen,  and  eggshell  thickness. 

Definitions  and  Typical  Observed  Values. 
The  values  reported  here  represent  those  ob¬ 
served  from  a  few  facilities  under  their  con¬ 
ditions  and  are  not  necessarily  representative 
of  those  from  all  facilities. 

1.  Eggs  laid 

Definition.  The  total  egg  production  dur¬ 
ing  a  breeding  season  (which  is  approxi¬ 
mately  10  weeks) . 

Normal  Values.  28  to  38  eggs  per  hen  per 
season. 

2.  Eggs  cracked 

Defiinition.  Eggs  determined  to  have 
cracked  shells  when  inspected  with  a  can¬ 
dling  lamp;  fine  cracks  cannot  be  detected 
without  utilizing  a  candling  lamp  and  if  un¬ 
detected  will  bias  data  by  adversely  affecting 
embryo  development. 

Normal  Values.  0.6  percent  to  2.0  percent. 

3.  Eggs  set 

Definition.  All  eggs  placed  undw  incuba¬ 
tion,  i.e.,  total  eggs  laid  minus  cracked  eggs 
and  those  selected  for  eggshell  thickness 
analysis.  The  only  value  in  presenting  this 
parameter  is  to  establish  a  base  of  reference 
for  viable  embryos. 

4.  Viable  embryos 

Definition.  Eggs  in  which  fertilization  has 
occurred  and  embryonic  devel<^ment  has 
begun.  This  is  determined  by  candling  the 
egg  6  to  14  days  after  incubation  has  begun. 
It  is  difficult  to  distinguish  between  the 
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absence  of  fertilization  and  an  early  eni'* 
bryonic  death.  This  distinction  can  be  made 
by  breaking  out  eggs  that  appear  Infertile 
and  examine  further.  This  is  especially  im¬ 
portant  in  the  event  a  test  compound  in¬ 
duces  early  embryo  mortality. 

Normal  Values.  76  percent  to  90  percent. 

5.  Live  3-week  embryo 

Definition.  These  are  embryos  that  are 
developing  normally  after  3  weeks  of  in¬ 
cubation.  This  is  determined  by  candling  the 
egg. 

Normal  Values.  97  percent  to  99  percent. 

6.  Hatchablllty 

Definition.  Embryos  that  mature,  pip  the 
shell,  and  liberate  themselves  from  their  eggs 
on  Day  23  or  24  of  incubation  (computed 
from  the  number  of  fertile  eggs). 

Normal  Values.  50  percent  to  90  percent. 
7. 14-day-old  survivors 

Definition.  Birds  that  survive  for  2  weeks 
following  hatch. 

Normal  values.  76  percent  to  90  percent. 

8.  Eggshell  thickness 

Definition.  The  thickness  of  the  shell  and 
the  membrane  of  the  egg  at  the  girth  after 
*  having  been  opened  and  washed,  and  dried 
for  at  least  48  hours  at  room  temperature. 

Normal  values.  0.20  mm  to  0.22  mm. 

Additional  Data.  If  the  test  substance  Is 
toxic  (reduced  reproduction  evident)  then 
a  withdrawal  study  period  may  be  added  to 
the  test  phase.  The  withrawal  period  need 
not  exceed  8  weeks.  Continued  observations 
can  be  made  on  egg  production,  fertility, 
hatchablllty  and  hatchling  survival. 

REPORTING  OF  DATA 

Basic  data  supporting  the  above  analyses 
should  be  tabulated.  All  abnormal  behavior, 
morphological,  physiological  ot  other  param¬ 
eters  observed  should  be  included.  Inter¬ 
pretation  of  test  conditions  or  results  known 
to  be  unusual  or  anomalous  should  be  in¬ 
cluded  If  possible.  All  Items  in  the  following 
list  should  be  considered  when  reporting 
results. 

Appropriate  items  are  to  be  noted  on  un¬ 
treated  and  treated  test  groups  before,  after 
and  during  the  test:  Dates  of  test;  Species; 
Strain;  Source;  Age;  Body  weight;  Number 
per  test  (include  sex  ratio) ;  Individual  Iden¬ 
tification  of  birds;  Diet;  Storage;  Feed  con¬ 
sumption  (grains  per  day);  Observations  on 
platablllty  or  repellency. 

Housing  conditions  of  test  birds;  Include 
space  allocations  for  mating,  nesting;  Include 
protection  from  weather.  Injuries;  Lighting 
program  Including  hours  per  day,  wattage  or 
footcandles  at  bird  level;  Diagram  of  test 
layout;  Temperature;  Water  supply;  Morbid¬ 
ity;  Mortality;  Accidental  deaths  or  injuries; 
Pretest  and  test  history  of  medical  and  chem¬ 
ical  administration;  Observable  clinical 
signs;  Clinical  tests;  Post  mortem  autopsy. 

Egg  data;  Shell  Thickness;  Cracked  Eggs; 
Eggs  Laid  (number  eggs  per  bird  per  day  and 
per  season);  Hatching  egg  storage  data; 
Temperature;  Humidity;  Days;  Incubation 
data;  Eggs  set;  Temperature;  Humidity; 
Turning  Frequency;  Fertility  (viable  em¬ 
bryos);  Live  3-week  embryos;  Hatchablllty; 
Plj^jed;  Dead  embryos;  Post-hatching  (Juve¬ 
nile  birds);  Cripples;  Morbidltjr;  Mortality 
(14-day-old  survivors);  Weight;  Clinical 
signs. 

Application  of  pesticide  (Judge  toxicant 
levels  based  on  field  iq>pllcation  calcula¬ 
tions);  Formulation  (In  corn  oil);  Method 
(dietary-acute,  capsule,  water?);  Analytical 
or  bioassay  method;  Pesticide  dosage  in  food 
(l^m);  Pesticide  dosage  In  bird  (mg/kg/ 
day) ;  Stability  of  pesticide  in  diet. 
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Protocol  for  Evaluation  of  Reproductivk 
Effects  of  Pesticides  on  the  Mallard 

METHODS  AND  MATERIALS 

Test  Animals.  Pen-reared  Mallards  pre¬ 
viously  untreated  approaching  their  first 
breeding  season,  phenotypically  Indistin¬ 
guishable  from  wild  birds,  should  be  used  as 
test  animals.  All  birds  should  be  examined 
following  shipment  for  possible  physical  in¬ 
jury  that  may  have  been  encountered  In 
transit.  If  deemed  necessary,  several  birds 
may  be  randomly  selected  for  pre-treacment 
necropsy  at  a  diagnostic  laboratory  to  assess 
the  state  of  health  upon  arrival. 

It  is  recommended  that  a  history  of  rear¬ 
ing  practices  be  ascertained.  This  history 
should  include  lighting  practices  during  rear¬ 
ing,  disease  record,  drug  and  any  other  med¬ 
ication  administered  and  exact  age. 

If  Mallards  that  have  completed  one  or 
more  breeding  seasons  are  to  be  used  as  test 
animals,  then  they  must  be  obtained  prior 
to  the  onset  of  egg  production  for  another 
breeding  season. 

Test  Groups.  A  minimum  of  3  test  groups 
of  Mallards  should  be  used.  One  group  must 
serve  as  a  control  and  2  groups  as  treated 
birds. 

By  random  distribution  a  minimum  of  2 
males  and  5  females  per  pen,  replicated  by 
4  or  more  pens,  should  be  used.  If  Individual 
pairs  (1  male  and  1  female)  are  to  be  used 
per  pen,  a  minimum  of  10  pens  should  be\ 
employed.  The  tables  below  Illustrate  these  2 
options: 


Mini- 

Blrdspen 

number 
of  pens 

Male 

Female 

1 — control... 

.  0 . 

4 

2 

5 

2— treated... 

8— treated... 

.  Xparts  per 
million. 

.  (n)  Xparts  per 
million. 

4 

4 

2 

2 

5 

5 

Note.— («)  = 

:Some  multiple. 

Mini- 

Blrds/pen 

number 
of  pens 

Male 

Female 

1 — control... 

.  0 . 

10 

1 

1 

3— treated... 

t— treated... 

.  Xparts  per 
million. 

.  (n)  Xparts  per 

10 

10 

1 

1 

1 

1 

minion. 

Note.— («)»  Some  multiple; 


Diet  Preparation.  Concentration  of  test 
substances  should  be  used  In  relationship  to 
residues  expected  or  determined  from  the 
proposed  registered  use  patterns  for  the  com¬ 
pound.  The  highest  nonlethal  level  may  be 
estimated  from  data  used  in  calculating  the 
5-day  LC-60  level. 

Test  material  should  be  added  to  table 
grade  corn  oil  or  other  appropriate  vehicle 
and  premixed  with  an  aliquot  of  basal  diet 
utilizing  a  mortar  and  pestle  or  mechanical 
blender.  It  Is  recommended  that  the  aliquot 
of  basal  diet  used  for  the  premix  be  screened 
to  remove  large  particles  of  diet  before  blend¬ 
ing  In  the  cm-n  oil  and  test  material.  The 
final  diet  should  be  a  uniformly  mixed  com¬ 
position  consisting  of  98  or  99  parts  by  weight 
of  the  basal  diet  and  2  or  1  parts  by  weight 
of  com  oil.  The  basal  diet  should  be  a  com¬ 
mercial  game  bird  breeder  ration  or  its  equiv¬ 
alent  and  treated  with  an  equivalent  amount 
of  vehicle.  The  premix  should  be  stored 
frozen  until  utilized  for  preparation  of  the 
test  diet.  Test  diets  should  ^  prepared  pe¬ 
riodically  to  prevent  deterioration  of  the  diet. 

Test  diets  should  be  analyzed  for  pesticide 
concentration  at  intervals  during  the  tests. 

Test  Environment.  The  Mallards  should  be 
housed  In  breeding  pens  of  adequate  size  con¬ 
forming  to  good  husbandry  practices.  Pref¬ 
erably  the  pens  should  be  screen-bottomed 
or  kept  clean  of  spilled  treated  food  and 
excrement. 

Since  light  treatment  Is  extremely  Impor¬ 
tant,  both  during  rearing  and  during  the  egg 
laying  period,  for  maximum  egg  production, 
all  Mallards  should  be  maintained  for  the  first 
8  weeks  under  a  regime  of  7  hours  of  light 
per  day. 

The  photoperiod  should  then  be  Increased 
to  16-17  hours  of  light  per  day  and  either 
maintained  at  this  level  or  increased  by  15 
min  per  week  for  the  following  12  weeks. 
(The  12-week  period  may  vary  depending 
upon  the  time  required  for  the  onset  of  egg 
production.)  An  Illumination  Intensity  of  5 
footcandles  at  the  bird  level  during  the 
lighting  phase  of  the  reproductive  study  is 
adequate.  Avoid  the  use  of  shorter  wave 
length  "cool  white”  fiuorescent  lights  which 
do  not  simulate  the  daylight  spectrum. 

Temperature  and  relative  humidity  con¬ 
trol  throughout  the  reproductive  test  Is  de¬ 
sirable  and  should  be  recorded.  Recom¬ 
mended  levels  approximate  21*C  and  65  per¬ 
cent  relative  humidity.  Ventilation  IndoOTs 
Is  necessary. 

Feeding  and  Husbandry— ^All  birds  should 
receive  the  appropriate  diet  ad  libitum  for 
the  duration  of  the  study.  Water  is  to  be 
provided  ad  libitum.  The  test  chemical 
should  be  administered  not  less  than  10 
weeks  before  egg  laying  is  expected. 

Body  weights  should  be  recorded  at  weeks 
0,  2,  4,  6,  8  and  at  the  termination  of  treat¬ 
ment.  During  egg  laying,  body  weight  re¬ 
cording  is  discouraged  because  of  the  adverse 
effects  that  handling  may  have  on  egg  pro¬ 
duction. 

Food  consumption  should  be  recorded  at 
least  at  biweekly  intervals  throughout  the 
study. 

Mortality  should  be  recorded  by  date  and 
morbidity  noted  together  with  clinical  signs 
throughout  the  test  phase.  Gross  pathology 
data  should  be  considered  for  birds  that  die 
during  the  course  of  the  test  phase  and  for 
some  survivors. 

Egg  Collection,  Storage  and  Incubation — 
All  eggs  should  be  collected  dally,  marked  ac¬ 
cording  to  pen  from  which  collected,  and 
st(M^  at  16*  C  and  65  percent  relative  hu¬ 
midity.  Eggs  should  be  set  at  weekly  Intervals 
for  incubation  in  a  commercial  Incubator. 
All  eggs  should  be  candlod  on  Day  O  for  egg- 
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shell  cracks;  by  Day  14  of  Incubation  to 
measure  fertility  and  early  death  of  em¬ 
bryos,  and  on  Day  21  to  measure  embryo 
survival.  Transfer  should  be  made  on  Day  23 
to  a  commercial  Incubator  for  hatching. 

Recommended  temperatures  and  relative 
humidity  during  incubation  are  37.5*  C  and 
60  percent  respectively.  Recommended  tem- 
peratiuee  and  relative  humidity  during 
batching  phase  are  39*  C  and  70  percent  re¬ 
spectively. 

Duckling  OhservaUona.  On  Day  27  of  in¬ 
cubation  the  hatched  Mallard  ducklings 
should  be  removed,  hatchability  recorded 
and  ducklings  housed  according  to  the  ap¬ 
propriate  parental  grouping  and  main¬ 
tained  on  control  diet  for  14  days  (extended 
if  appreciable  late  mortality  occurs) .  The  diet 
should  be  a  commercial  Mallard  starter  diet 
or  its  equivalent. 

Eggshell  Thickness — ^All  eggs  from  l-day’s 
collection  at  biweekly  Intervals  should  be 
measured  for  eggshell  thickness.  Preferably, 
eggs  laid  in  the  first  part  of  weeks  1,3,5,7 
and  9  of  the  egg-laying  period  should  be  used 
for  eggshell  measurements.  An  accepted 
procedure  is  to  crack  open  the  eggs  at  the 
widest  portion  (girth  or  waist) ,  wash  out  all 
egg  contents,  air  dry  the  shells  at  least  48 
hours,  and  then  measure  the  thickness  of  the 
dried  shell  plus  the  membranes  at  3  cs*  4 
points  around  the  girth  using  a  micrometer 
calibrated  to  0.01  mm  units. 

Analysis — ^Experimental  groups  should  be 
compared  to  the  control  group  by  analysis  of 
variance.  Sample  units  are  the  individual 
pens  within  each  experimental  group.  Param¬ 
eter  analyses  should  include:  body  weight, 
food  consumption,  eggs  laid,  eggs  cracked, 
eggs  set,  fertility,  live  3-week  embryos, 
hatchability,  normal  ducklings,  14-day-old 
survivors  per  number  of  eggs  hatched  and  per 
hen;  and  eggshell  thickness. 

Definitions  and  Typical  Observed  Values. 
The  values  reported  here  represent  those  ob¬ 
served  from  a  few  facilities  under  their  con¬ 
ditions  and  are  not  necessarily  representative 
of  those  irom  all  facilities. 

1.  Eggs  laid 

Definition.  The  total  egg  production  dur¬ 
ing  a  breeding  season  (which  is  approxi¬ 
mately  10  weeks) . 

Normal  Values.  28  to  38  eggs  per  hen  per 
season. 

2.  Eggs  cracked 

Definition.  Eggs  determined  to  have  cracked 
shells  when  Inspected  with  a  candling  lamp; 
fir>*  cracks  cannot  be  detected  without  utiliz¬ 
ing  a  candling  lamp  and  if  undetected  will 
bias  data  by  adversely  affecting  embryo 
development. 

Normal  Values.  0.6  percent  to  6  percent. 

3.  Eggs  set 

Definition.  AU  eggs  placed  under  incuba¬ 
tion,  1.6.,  total  eggs  laid  minus  cracked  eggs 
and  those  selected  for  eggshell  thickness 
analysis.  The  only  value  in  presenting  this 
parameter  is  to  establish  a  base  of  reference 
for  viable  embryos. 

4.  Viable  embryos  (fertility) 

Definition.  Eggs  in  which  fertilization  has 
occurred  and  embryonic  development  has 
begun.  This  is  determined  by  candling  the 
egg  6  to  14  days  after  incubation  has  begun. 
It  is  difficult  to  distinguish  between  the  ab¬ 
sence  of  fertiUzation  and  an  early  embryonic 
death.  This  distixkction  can  be  made  by 
breaking  out  eggs  that  appear  infertile  and 
exfunine  further.  This  is  eepecially  important 
in  the  event  a  teat  compound  induces  early 
embryo  mortality. 

Normal  Values.  85  percent  to  98  percent. 


5.  Live  3-week  embryo 

Definition.  Theae  are  embryos  that  are  de¬ 
veloping  normally  after  3  we^  of  Incuba¬ 
tion.  This  is  determined  by  eaTuuing  the 
egg. 

Normal  Values.  97  percent  to  99  percent. 

6.  Hatchability 

Definition.  Bnbryos  that  mature,  pip  the 
shell,  and  liberate  themselves  from  their  eggs 
on  Day  25  to  27  of  incubation  (computed 
from  the  niimber  of  fertile  eggs) . 

Normal  Values.  50  percent  to  90  percent. 

7. 14-day -old  survivors 
Definition.  Birds  that  survive  for  2  weeks 
following  hatch. 

Normal  Values.  94  percent  to  99  percent. 

8.  Eggshell  thickness 

Definition.  The  thickness  of  the  shell  and 
the  membrane  of  the  egg  at  the  girth  after 
having  been  opened  and  washed,  and  dried 
for  at  least  48  hours  at  room  temperature. 
Normal  Values.  0.31  mm  to  0.38  mm. 

RZPORTING  OF  DATA 

Basic  data  supporting  the  above  analyses 
should  be  tabulated.  All  abnormal  behavior, 
morphological,  physiological,  or  other  pa¬ 
rameters  observed  should  be  included.  Inter¬ 
pretation  of  test  conditions  or  results  known 
to  be  unusual  or  anomalous  shoiUd  be  in¬ 
cluded  if  possible.  All  items  should  be  con¬ 
sidered  when  reporting  results. 

Appropriate  items  are  to  be  noted  on  un¬ 
treated  and  treated  test  groups  before,  after 
and  during  the  test:  Dates  of  test;  Species; 
Strain;  Sources;  Age;  Body  weight;  Number 
per  test  (include  sex  ratio) . 

Individual  identification  of  birds;  Diet; 
Storage;  Feed  oonsiimptlon  (grams  per  day) ; 
Observations  on  palatabillty  or  repellency; 
Housing  conditions  of  test  birds;  Include 
space  allocatioDs  for  mating,  nesting;  In¬ 
clude  protection  from  weather,  injuries; 
Lighting  program  Including  hours  per  day, 
wattage  of  foptcandies  at  bird  level;  Diagram 
of  test  layout;  Temperature;  Water  supjdy; 
Morbidil^;  Mortality;  Accidental  deaths  or 
injuries;  Pretest  and  test  history  of  medical 
and  chemical  administration;  Observable 
clinical  signs;  CUnlcai  teats;  Poet  m<H*tem 
autopsy. 

Egg  data;  Shell  thickness;  Cracked  eggs; 
Eggs  laid  (number  eggs  per  bird  per  day  and 
per  season) ;  Hatching  egg  storage  data;  Tem¬ 
perature;  Humidity;  Days;  Incubation  data; 
Eggs  set;  Temperature;  Humidity;  Turning 
frequency;  Fertility  (viable  embryos):  Live 
3-week  embryos;  Hatchability;  Pipped;  Deed 
embryos;  Post-hatching  (Juvenile  birds); 
Cripples;  Morbidity;  Mortality  (14-day -old 
survivors) ;  Weight;  Clinical  signs. 

Application  of  pesticide  (Judge  toxicant 
levels  based  on  field  application  calcula¬ 
tions);  Formulation  (in  corn  oil);  Method 
(dlet^-acute,  capsule,  water?);  Analytical 
or  bloessay  method;  Pesticide  dosage  In  food 
(ppm);  Pesticide  dosage  in  bird  (mg/kg/ 
day) ;  Stability  of  pesticide  in  diet. 
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Exhibit  1 

A  GUIDELINE  FOX  EVALUATION  OF  REPBODUCTTVE 
EFFECTS  OF  XCONOICIC  POISONS  ON  AVIAN 
SPXCIES 

There  is  strong  evidence  to  Indicate  that  a 
chemical  can  be  innocuous  in  terms  of  direct 
mortality  and  yet  impair  reproductive  suc¬ 
cess.  Reproduction  studies  to  evaluate  certain 
parameters  of  reproductive  effects  similar  to 
the  following  may  be  required. 

METHODS  AND  MATEBIALS 

1.  Species.  Mallard,  as  a  representative 
aquatic  bird,  and  either  bobwhite  quail  or 
ring-necked  pheasant  as  a  representative  up¬ 
land  game  bird.  The  cotumlx  quail  is  not 
acceptable  for  reproduction  studies. 

2.  Age  and  Sex.  Young  adult  males  and 
females  approaching  their  first  breeding 
sefison. 

3.  Diet.  Any  standard  commercial  game  bird 
breeder  mash  is  adequate.  Matchlings  are 
immediately  placed  on  a  clean  diet. 

4.  Test  Plan.  The  pen  is  the  basic  testing 
unit.  Each  pen  shall  contain  5  females  and 
2  males  except  when  ring-necked  pheasant  is 
the  test  species.  In  such  case  only  one  male 
per  pen  is  used. 

Birds  shall  be  boused  in  suitable  cages 
or  brooders  with  water  and  food  provided  ad 
tUritum.  The  test  chemical  (Technical  grade) 
shall  be  dissolved  In  edible-grade  com  oil 
prior  to  Ineoiporation  in  the  ration.  If  the 
test  material  Is  Incompatible  with,  or  insuffi¬ 
ciently  soluble  in  com  oil,  propylene  gl3KX>l 
may  be  used  as  the  solvent.  Oonoentration  of 
test  chemical  in  the  siHutlon  shall  be  ad¬ 
justed  so  that  the  addition  of  1  part  (by 
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weight)  of  this  solution  to  99  parts  of  the 
stsndaM  commercial  gamebird  ration  will 
result  in  the  desired  concentration  (ppm)  of 
test  chemical  in  the  finished  diet.  Ration  for 
control  birds  is  mixed  with  solvent  (free  of 
chemical)  in  the  same  ratio. 

A  completely  randomized  design  is  used 
throughout.  The  6  females  and  male(s)  al¬ 
lotted  to  a  pen  represent  a  pen  set.  Four  sets 
of  controls  (chemical  free  diet)  are  deter¬ 
mined  concurrently.  Two  treatment  levels 
are  preferred.  Each  treatment  level  is  rep- 
lloat^  in  a  minimum  of  four  pens. 


Treatment 

Number  Male- 

o(  pens  female/ 

(minimum)  pen 

Number 
of  birds 
(minimum) 

Control . 

4  2  to  5.... 

28 

Test  chemical 

4  ...do . 

28 

(level  1). 

Test  chemical 

4  ...do . 

28 

(level  2). 

5.  Treatment  Levels — When  estimating  the 
highest  level  (level  1)  the  birds  can  sustain 
for  the  test  period  some  knowledge  of  the 
toxicity  of  the  chemical  is  necessary.  The 
highest  non-lethal  level  (level  1)  is  esti¬ 
mated,  using  the  data  obtained  from  the 
IjC„  determination.  A  second  level  60  percent 
lower  than  level  1  is  selected.  This  "safety 
level”  can  prove  invaluable  in  the  event  the 
higher  level  proves  to  be  lethal  prior  to  the 
reproductive  period.  If,  however,  a  chemical 
is  expected  to  produce  no  appreciable  mor¬ 
tality  at  the  highest  recommended  field  ap¬ 
plication  rate,  it  is  tested  at  only  1  treatment 
level  estimated  to  be  two  times  the  highest 
level  birds  are  expected  to  encounter  in  the 
field. 

6.  Data  Collection — ^The  test  is  started  at 
least  two  months,  preferably  three,  before 
the  beginning  of  the  first  laying  season  and 
continued  through  the  reproductive  cycle. 
Eggs  are  collected  dally  and  stored  for  two 
weeks  tinder  controlled  conditions  (16*  C 
and  55  percent  relative  humidity).  Examine 
eggs  and  discard  those  with  cracked  shells. 
Begin  incubation  at  two-week  intervals.  Can¬ 
dle  after  two  and  three  weeks  of  incubation 
to  measure  embryo  survival.  Hatchlings  are 
Immediately  placed  on  clean  diet  and  ob¬ 
served  for  14  days.  Record  the  following  data 
for  each  pen  for  every  two-week  set  of  eggs 
and  determine  the  parameters  of  reproduc¬ 
tive  success  listed  below: 

(a)  Total  eggs  laid. 

(b)  Eggs  laid  per  hen  per  two  week  period. 

(c)  Eggs  cracked  (percent) . 

(d)  Eggs  embryonated  of  eggs  set  (per¬ 
cent). 

(e)  Embryos  alive  at  three  weeks. 

(f)  Normal  hatchlings. 

(g)  Chick  survival  to  14  days  (percent). 

(h)  Fourteen-day  chicks  per  hen. 

7.  Analysis.  Analyze  measurements  by  anal¬ 
ysis  of  variance  (Cochran,  1943) .  Pen  statis¬ 
tics  are  weighted  according  to  the  number  of 
eggs  of  hatchlings  on  which  they  are  based. 
Apply  angular  transformations  to  percent¬ 
ages  for  analysis  and  separate  means  by 
methods  of  Duncan  (1955)  and  Kramer 
(1956).  A  complete  description  is  required  if 
a  different  analysis  technique  is  used. 

8.  Autopsy.  Autopsy  data  shall  be  reported 
on  a  representative  sample  of  birds  from  each 
treatment  group. 

9.  Observations.  Birds  are  observed 
throughout  the  study  and  any  abnormal  be¬ 
havior  is  recorded.  Record  weights  of  birds  at 
start  and  end  of  test.  Estimate  as  accurately 
as  possible  food  consumption  per  bird. 

10.  Shell  Thickness.  At  least  10  percent  of 
eggs  from  ecw:h  two-week  set  shall  be  reserved 
for  shell  thickness  measurements.  Eggs  for 
shell  measurements  are  selected  prior  to  the 


incubation  period.  Shell  measurements 
should  be  made  in  accordance  with  procedure 
described  by  Longcore  et  al.  (1971).  Store 
contents  of  eggs  used  for  shell  thickness 
measurements  in  glass  Jars  and  retain  tar 
possible  residue  analysis.  It  is  not  anticipated 
that  egg  residue  analysis  will  be  required  on 
every  chemical,  however,  when  a  high  per¬ 
centage  of  embryo  failure  occurs  and/or  sig¬ 
nificant  mortality  in  14  day  hatchlings,  res¬ 
idue  analysis  will  be  indicated. 
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Protocols  for  Laboratory  Acdtr 
Dermal  Toxicmr  Test 

The  following  methods  can  be  used  to  as¬ 
sess  dermal  hazards  of  pesticides  to  wild 
avian  species  if  it  is  required  by  the  Environ¬ 
mental  Protection  Agency. 

Protocol  #1  is  a  method  that  has  been  used 
by  Schafer  et  al.  (1973)  to  determine  the 
acute  dermal  LD-50’s  of  pesticides  on  some 
wild  and  domestic  birds.  This  method  can 
be  used  successfully  to  determine  dermal 
toxicity  of  pesticides  for  most  wild  and  do¬ 
mestic  birds  that  can  be  conveniently  held 
in  captivity. 

Protocol  #2  was  specifically  designed  for 
use  on  Mallards  but  could  be  used  without 
any  problems  on  most  waterfowl  that  can 
be  held  successfully  in  captivity  (DWRC  An¬ 
nual  Reports — manuscripts  In  preparation). 

Both  of  these  methods  as  published  are 
very  general  as  to  how  to  conduct  a  dermal 
LD-50  except  for  the  part  on  how  the  birds 
were  dermally  treated.  Therefore,  the  ma- 
jM^lty  of  the  protocol  for  these  methods  is 
a  repeat  of  the  acute  oral  recommended  pro¬ 
tocol  except  for  the  parts  that  pertain  to 
actual  treatment  of  the  birds  (See  Protocol 
entitled :  Protocol  for  Laboratory  Acute  Tox¬ 
icity)  . 

METHODS  #1  AND  MATERIALS 

Species  and  history.  Almost  all  species  of 
birds  that  can  be  successfully  held  in  cap¬ 
tivity  can  be  used  with  this  method. 

A  history,  as  complete  as  possible,  of  rear¬ 
ing  practices  such  as  photoperiod,  medica¬ 
tion,  type  of  food,  etc.,  should  be  included 
in  the  report. 

All  lots  of  birds  should  be  healthy  and  uni¬ 
form  and  without  deformity.  All  lots  should 
be  weighed,  then  held  for  a  minimum  of 
14  days.  If  done  indoors,  temperature  and 
humidity  should  be  controlled.  Any  lots  of 
birds  that  suff^  an  abnormal  weight  loss  or 
above  10  percent  mortality  during  the  hold¬ 
ing  period  should  be  discarded. 

The  test  room  should  also  have  controlled 
temperature  and  humidity  as  well  as  freedom 
from  drafts  and  sudden  noises  which  could 
disturb  the  test  birds. 

Cages.  All  birds  shall  be  individually  caged, 
to  meet  acceptable  animal  husbandry  prac¬ 
tices. 

Weight.  All  birds  must  be  weighed,  in 
grams,  at  the  beginning  of  the  test,  and  on 
days  3  and  14  after  treatment.  Also,  birds 
should  be  weighed  at  termination  of  the  test 
If  It  extends  beyond  14  days. 


Diet  and  fasting.  All  birds  shall  have  free 
access  to  feed  and  water  throughout  the  test. 
The  diet  fed  must  be  a  standard  feed  ration 
known  to  be  adequate  fw  game  birds  and 
without  antibiotics. 

Feed  consumption  shall  be  determined 
weekly  for  treated  and  control  birds.  The 
feed  consumed  must  be  reported  as  average 
dally  food  consumption  for  each  treatment 
level. 

Administration  of  test  material.  Acetone 
solutions  should  be  prepared  so  that  the  total 
amount  administered  (in  rI)  equals  2  times 
the  bird's  weight  (in  g).  If  the  pesticide  is 
not  soluble  in  acetone,  any  nonhazardous 
volatile  solvent  is  acceptable.  Acetone  solu¬ 
tions  should  be  applied  with  a  syringe  having 
a  21-ga,  2.5  cm  needle  whose  tip  has  been 
squared  and  polished  to  avoid  abrading  the 
skin.  The  solution  should  be  slowly  applied 
to  an  area  1  cm*  in  the  sparsely  feathered 
skin  area  covering  the  pectoralls  muscles 
under  one  wing  Joint.  The  acetone  should  be 
evaporated  by  a  current  of  air. 

Number  of  Birds  per  Dose  Level.  The  num¬ 
ber  of  test  birds  per  treatment  level  shall 
be  no  less  than  4  of  each  sex.  The  number 
of  control  birds  shall  be  no  less  than  4  of 
each  sex. 

Dosage-mortality  data.  The  factor  between 
dosage  levels  used  to  determine  the  acute 
LD-60  should  be  based  on  a  geometric  or 
logarithmic  scale.  There  should  be  a  mini¬ 
mum  of  4  dosage  levels  used  in  calculating 
the  acute  dermal  LD-50. 

The  determination  of  an  acute  dermal  LI>- 
50  shall  follow  any  acceptable  method.  Two 
examples  of  acceptable  methods  are  Thomp¬ 
son  and  Weil  (1952)  and  Litchfield  and  WU- 
coxon  (1949). 

Period  of  observation.  The  test  animals 
shall  be  observed  until  death  or  for  a  mini¬ 
mum  of  14  days.  The  observation  period 
should  be  longer  if  signs  and  toxicity  are  still 
evident.  The  time  of  all  deaths  shall  be 
recorded  by  day.  If  10  percent  or  more  of  the 
control  birds  die  during  the  test  period,  the 
test  shall  be  considered  invalid. 

Recording  of  signs.  All  signs  of  intoxica¬ 
tion  shall  be  recorded  as  they  occur.  Also, 
the  area  treated  should  be  checked  to  deter¬ 
mine  if  any  dermal  irritation  occurs. 

REPORTING  or  DATA 

Should  include  pertinent  information  on 
the  items  listed  below.  The  metric  system 
should  be  used  for  units  of  measure.  Dates 
of  test;  Species  and  rearing  history;  Source 
of  birds;  Age  and  sex;  Body  weights;  Diet 
used:  Pen  dimensions;  If  pen  indoors  or  out¬ 
doors;  Controlled  temperature  and  humidity 
if  indoors;  Weather  condition,  if  outdoors; 
Feed  consumption;  Preparation  of  test  mate¬ 
rial;  Method  of  administration. 

Amount  of  test  material  dermally  applied 
per  bird;  Amount  of  diluent  used  per  treated 
bird;  Number  of  birds  per  treatment  level; 
Number  of  controls  employed;  Method  used 
for  calculating  LD-50;  Length  of  observa¬ 
tion  period;  Time  of  mortalities;  Record  of  all 
signs  of  intoxication. 

The  determined  LD-50  and  the  confidence 
limits  shall  be  reported  in  the  following 
manner;  Test  Chemicals  and  Purity  or  For¬ 
mulation;  Bird  Species  and  Sex;  LD-50  in 
mg/kg  (Confidence  Limits) . 

Additional  Data.  Necropsies  could  give 
valuable  additional  data,  but  are  not  neces¬ 
sarily  required.  When  necropsies  are  con¬ 
ducted,  they  should  include  a  general  in¬ 
spection  of  the  digestive  tract,  liver,  kid¬ 
neys,  heart  and  spleen  at  the  time  of  death 
and  at  the  termination  of  the  test  for  both 
control  and  test  birds.  Any  gross  pathologi¬ 
cal  changes  should  be  reported  if  necropsies 
are  performed. 
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KETHOD  NO.  S  AND  MATTOAUS 

Species  and  history.  This  method  can  be 
used  on  all  species  of  waterfowl  that  can 
be  successfully  held  In  ciq>tivlty. 

A  history,  as  complete  as  possible,  of  rear¬ 
ing  practices  such  as  photoperiod,  medica¬ 
tion,  type  of  food,  etc.,  should  be  included 
in  the  report. 

All  lots  of  birds  should  be  healthy  and 
uniform  and  without  defcmuity.  All  lots 
shotild  be  weighed,  then  held  for  a  minimum 
of  14  days.  If  done  indoors,  temperatiu*e  and 
humidity  should  be  controlled.  Any  lots  of 
birds  that  suffer  an  abnormal  weight  loss  or 
above  10  percent  mortality  during  the  hold¬ 
ing  period  should  be  discarded. 

The  test  room  ahoiild  also  have  contrcfiled 
temperature  and  humidity  as  well  as  free¬ 
dom  from  drafts  and  sudden  noises  which 
could  disturb  the  test  birds. 

Cages.  All  birds  shall  be  individually  caged, 
to  meet  acceptable  animal  husbandry  prac¬ 
tices. 

Weight.  All  birds  must  be  weighed.  In 
grams,  at  the  beginning  of  the  test,  and  on 
days  3  and  14  after  treatment.  Also,  birds 
should  be  weighed  at  termination  of  the 
test  if  it  extends  beyond  14  days. 

Diet  and  fasting.  All  birds  shaU  have  hfee 
access  to  feed  and  water  throughout  the 
test.  The  diet  fed  must  be  a  standard  feed 
ration  known  to  be  adequate  for  game  birds 
and  without  antibiotics. 

Feed  consumption  shall  be  determined 
weekly  for  treated  and  control  birds.  The 
feed  consumed  must  be  reported  as  average 
daily  food  consiunption  for  each  treatment 
level. 

Administration  of  test  material.  The  crura 
of  the  birds  should  be  shaved  with  an  elastic 
nnttniLi  clipper  to  facilitate  taping  of  the 
plasUc  bags  with  adhesive  tape.  The  pesti¬ 
cide  should  be  dissolved  in  table-grade  corn 
olL  If  It  Is  Insoluble  in  com  oil,  then  either 
propylene  glycol  or  distilled  water  can  be 
used  as  the  diluent.  Appropriate  amounts 
of  the  pesticide  shovild  be  dissolved  in  the 
diluent  so  that  approximately  0.6  ml  of  the 
solution  Is  applied  to  eaCh  foot.  The  area 
covered  on  each  foot  should  Include  the 
tarso  metatarsus,  phralanges,  and  the  web¬ 
bing.  The  feet  should  then  be  covered  with 
a  4  in.  X  6  in.  plastic  iMg  0.010  in.  thick¬ 
ness.  which  extends  midway  up  the  crus.  This 
exposure  should  be  continued  for  24  hr.  at 
which  time  the  bags  should  be  removed  and 
the  feet  washed  with  a  mUd  soap  and  warm 
water. 

Jfumber  of  birds  per  dose  level.  The  num¬ 
ber  of  test  birds  per  treatment  level  shall  be 
no  less  than  4  of  each  sex.  The  number  of 
control  birds  shall  be  no  less  than  4  eff  eadi 
sex. 

Dosage-mortality  data.  The  factor  between 
dosage  levels  used  to  determine  the  aoirta 
LX>-60  Should  be  based  on  a  geometaic  or 
logarithmic  scale.  There  slvwild  be  a  mini¬ 
mum  of  4  dosage  levels  used  in  calculating 
the  acute  dermal  U>-60. 

The  determination  of  an  acute  dermal 
LD-60  shall  follow  any  acceptable  method. 
Two  examples  of  acceptable  methods 'are 

L- 


Thompsem  and  Weil  <19S3)  and  Lltchfleld 
and  Wlleox<m  (19tt). 

Period  of  observation.  The  test  an.inqai» 
^all  be  observed  until  death  or  for  a  mini¬ 
mum  of  14  days.  The  observation  period 
should  be  longer  if  signs  of  toxicity  are  still 
evident.  The  time  of  all  deaths  shall  be 
recorded  by  day.  If  10  percent  or  more  of  the 
control  birds  die  dmlng  the  test  period, 
the  test  Shall ‘be  considered  invalid. 

Recording  of  signs.  All  signs  of  intoxica¬ 
tion  shall  be  recorded  as  they  occur.  Also, 
the  area  treated  should  be  checked  to  de¬ 
termine  if  any  dermal  Irritation  occurs. 

REPCaTING  or  DATA 

Should  include  pertinent  information  on 
the  items  listed  below.  The  metric  system 
should  be  used  for  units  of  measure.  Dates 
of  test;  )^>ecles  and  rearing  history;  Source 
of  birds;  Age  and  sex;  Body  weights;  Diet 
used;  Pen  dimensions;  If  pen  Indoors  or 
outdoors;  Controlled  temperature  and  rela¬ 
tive  humidity,  if  indoors;  Weather  condition, 
if  outdoors;  Feed  consumption;  Preparation 
of  test  material;  Method  of  administration; 
Amount  of  test  material  d«mally  applied 
per  bird;  Amount  of  diluent  used  per  treated 
bird;  Number  of  birds  per  treatment  level; 
Number  of  oontrole  employed;  Method  vised 
for  calcvilatlng  LD-50;  Length  of  observation 
period;  Time  of  mcrtalltlee;  Record  of  all 
signs  of  Intoxication. 

The  determined  LD-60  and  the  confidence 
limits  shall  be  reported  in  the  following 
manner: 

Test  ebcmicais  and  Bird  species  LD-40iu  mllli- 
purity  or  formu-  and  sex.  grams  per  kilo- 

lation.  gram  (confidence 

limits). 

Additional  Data.  Necropsies  could  give  val¬ 
uable  additional  data,  but  are  not  necessarily 
required.  When  necropsies  are  conducted, 
they  should  Include  a  general  lnq>eotlon  of 
the  digestive  tract,  liver,  kidneys,  heart  and 
spleen  at  the  time  of  death  and  at  the  ter¬ 
mination  of  the  test  for  both  control  and 
test  birds.  Any  gross  pathological  changes 
should  be  reported  if  necrt^les  are  per- 
torwed. 
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Exhibit  1 — Denver  Wildlife  Research  Center 
Amuial  Report  (a  copy  presented  on  next 
Pg). 

Exhibit  1 

raSCUTANKOUS:  MALumos 

Two  groups  of  four  hens  each  were  em¬ 
ployed.  They  were  20-23  weeks  old  and 
weighed  1.188  (0.919-1.404)  kg.  The  crura 
of  the  hens  were  shaved  to  facilitate  taping 
of  the  plastic  bags.  The  chemical  was  dis¬ 
solved  in  water  which  was  then  applied  in 
the  tq^iropriate  amounts  to  both  feet  of  each 
bird.  Approximately  0.6  ml  of  eoluUon  was 
applied  to  each  foot.  The  area  covered  In¬ 
cluded  the  tarso-metatsrsus,  phalanges,  and 
webbing.  The  feet  were  then  covered  with  a 
plastic  bag  which  extended  midway  up  the 
crus.  This  exposure  was  continued  for  24 
hours,  at  which  time  the  bags  were  removed 
and  the  feet  washed  with  "Ivory”  eosq}  and 
warm  water.  Survivors  were  observed  for  14 
days  before  sacrifice. 

Pbotoooc.  box  Smaxx  Pen  SuctnuiTED  Field 
Test  To  Evaluatx  Pesticidb  Hazards  to 
Bnms 

This  protocol  has  been  developed  as  an 
Initial  simulated  field  test  for  Bobwhlte. 


With  modifications,  other  species  could  be 
tested.  This  method  esposes  the  test  animain 
to  field  iqiplications  of  the  chemical.  Exposure 
vrlll  not  necessarily  be  sianllar  to  that  of  free- 
ranging  animals. 

METHODS  AND  MATERIALS 

Birds.  Test  subjects  shall  be  obtained  from 
pen-reared  stock.  All  birds  ahaii  be  main¬ 
tained  in  outdoor  pens,  in  the  general  area 
where  the  field  test  is  to  be  conducted,  for 
at  least  2  weeks  prior  to  being  placed  on 
test. 

Each  test  shall  involve  not  less  than  6  pairs 
of  birds  per  control  group  and  not  less  than 
6  pairs  of  birds  per  test  group,  with  1  pair  of 
birds  per  pen.  It  is  recommended  that  atTeast 
12  additional  birds  be  procured  and  held  in 
outdoor  pens  for  replacement  purposes. 

Pens.  Each  pen  shall  contain  iq>proxlmately 
20  sq  ft  (4  ft  z  6  ft  X  12  in.  CM-  3  ft  X  7  ft 
X  12  in..  Inside  measurement),  and  is  to  con¬ 
sist  of  a  2  in.  X  2  in.  wooden  frame  covered 
on  the  Inside  with  in.  mesh  hardware 
cloth.  To  avoid  possible  contamination,  scrub 
wire  and  replace  frames  if  pens  have  been 
used  for  prevloiu  testing.  Use  of  aluminum 
tubing  for  framing  will  make  cleaning  of  pens 
easier.  Pen  height  may  be  increased  from  12 
in.  tr  a  height  that  will  accommodate  vegeta¬ 
tive  growth  through  the  test  period. 

Do  not  cover  pen  bottom,  stake  pen  securely 
to  the  group  to  minimize  predation.  Move 
pens  daily,  or  as  required  to  mnint-aiw  ade¬ 
quate  vegetative  cover.  Pens  should  have  an 
opening  through  which  birds  can  be  removed 
and  added.  Each  pen  is  to  contain  a  poultry 
waterer  (preferably  a  1-qt  chick  fount)  and 
a  small  box  (open  on  1  side,  12  in.  x  12  in.  x 
8  in.  high) ,  to  serve  as  a  shelter  for  the  birds. 

Test  conditions.  Conditions  for  evaluation 
of  each  pesticldal  formulation  should  approx¬ 
imate  those  to  be  encountered  in  the  routine 
use  of  the  product.  Evaluation  of  a  cotton 
insecticide  should  be  made  in  a  cotton  field, 
and  the  timing,  rate,  number,  and  manner 
of  applications  should  be  identical  with  those 
used  tar  conteol  of  cotton  insects.  Similarly, 
products  for  control  of  grass  or  sdfalfa  in¬ 
sects  should  be  tested  in  hay  fields,  pastures, 
or  meadows.  Pens  of  "oontrol"  birds  are  to  he 
placed  in  similar  habitat  not  subject  to  ap¬ 
plication  of  ttie  pesticide,  with  subsequent 
handling  (feeding,  watering  and  observation) 
the  same  as  fOr  test  birds.  Clearly  mark  all 
pens  and  all  birds  to  facilitate  acciuwcy  in 
reporting. 

Care  should  be  taken  at  all  times  to  avoid 
possible  contamination  through  drift  from 
adjacent  areas  or  from  Improper  cleaning  of 
equipment. 

Test  procedures.  Pens  and  shelters  are  to 
be  placed  in  position  and  birds  (1  male  and  1 
female  per  pen)  introduced  prior  to  applica¬ 
tion  of  the  pesticide.  Also  preceding  the 
pesticide  application,  place  filled  waterers 
and  approximately  3  oz  of  cracked  com, 
wheat  or  other  grain  (scattered  on  the 
ground)  in  ^  of  the  toW  test  and  control 
pens  used.  The  remaining  test  and  control 
pens  are  to  be  left  without  feed  and  water  for 
12  hrs  after  the  pesticide  application,  at 
which  time  feed  and  water  is  to  be  Intro¬ 
duced  to  these  pens,  as  above.  Sufficient  food 
and  water  is  to  be  available  to  the  blfda  at 
all  times,  other  than  during  the  Indicated  12- 
hr  period. 

Follow  all  safety  precautions,  as  specified 
on  the  product  label,  when  entering  the 
treated  field. 

If  either  member  of  the  pair  dies,  the  sur¬ 
vivor  is  to  be  removed,  placed  in  an  individual 
holding  pen,  and  a  fresh  pair  plxosd  tn  the 
pen.  The  survivor  should  be  obeerved  until 
death  or  for  14  days.  Saorttioe  survivors, 
ineiudlag  "oontrol"  group  and  Urds  held 
for  replacement,  at  termlnatkm  at  4hs  ex¬ 
periment. 
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Duration  o/  test.  For  pesticides  which  are 
to  be  applied  once  per  season,  tests  are  to  be 
continued  for  not  less  than  14  days.  For 
pesticides  which  are  to  be  applied  more  than 
once  per  season,  tests  are  to  be  continued  for 
14  days  after  the  final  application,  with 
movement  of  pens  immediately  prior  to  each 
application. 

Reporting  of  data.  Apprc^riate  Items  to  be 
considered  are  as  follows:  Location;  Dates; 
Weather  Data;  Species;  Source;  Age;  Medi¬ 
cal  and  Chemical  Administration  History; 
Body  Weight  Changes;  Individual  Identifica¬ 
tion;  Chemical  Formulation;  Rate  of  Applica¬ 
tion;  Manner  of  Application;  Vegetative 
Cover;  Residue  Analysis;  Pen  Description; 
Pen  Placement;  Diet;  Food  and  Water  Supply 
Schedule;  Feed  Consumption;  Visual  Signs  of 
Intoxication;  Clinical  Measurements  for  In¬ 
toxication;  Accidental  Deaths  or  Injmries; 
Replacement  Schedule;  Oross  Pathological 
or  Histological  Examinations;  Statistical 
Methods. 

Protocol  fob  Large  Pen  Simulated 
Field  Studies 

For  assessing  the  hazards  of  pesticides  to 
Bobwbltes  and  Ring-necked  pheasants,  large 
cages  enclosing  portions  of  habitat  of  0.006 
ha  (600  ft*)  or  more  may  be  utilized.  With 
modifications,  other  species  can  also  be  tested 
by  this  method.  Tests  utilizing  large  pens 
may  be  conducted  tor  pesticides  to  be  applied 
on  cropland,  rangeland,  or  wildlands  or  lor 
other  outdoor  appllcations^such  as  roadsides, 
rights-of-way,  “waste  areas,”  or  other  known 
wildlife  habitats.  This  type  of  test  is  not  a 
substitute  for  full-scale  field  studies.  Pesti¬ 
cides  tested  in  small  pens  and/or  in  the  large 
pens  may  not  show  effects  at  as  low  levels  as 
in  actual  field  operations  and  thus  tend  to 
underestimate  the  hazard  to  birds.  This  is 
primarily  due  to  two  reasons  (1)  bird  expo¬ 
sure  to  pesticides  differs  between  pen  situa¬ 
tions  and  a  free  environment  where  they  can 
feed  heavily  on  dying  invertebrates  (and 
drink  contaminated  water  etc.)  and  (2) 
small,  active,  insectivorous  and  omnivorous 
birds  are  often  more  vulnerable  to  pesticide 
poisoning  than  Bobwbltes  or  Bing-necked 
pheasants,  the  species  used  in  the  teste. 

The  objective  of  simulated  field  tests  is  to 
determine  pesticide  effects  on  birds  under 
seminatural  conditions  and  to  assess  the  de¬ 
gree  of  hazard  presented  by  the  formulations 
and  application  rates  of  pesticides  being  con¬ 
sidered  for  registration.  Simulated  tests  can 
be  conducted  at  less  cost  and  with  more  oon- 
triri  of  Important  parameters  and  variables 
than  full-scale  field  studies. 

Many  pesticide-wildlife  studies  utilizing 
penned  birds  or  mammals  have  been  con¬ 
ducted  by  conservation  agencies.  Industry, 
and  universities.  However,  most  have  been 
^>eclfic,  one-time  studies  that  apply  to  a 
particular  field  situation.  An  exhaustive  re¬ 
view  of  these  would  not  add  much  to  develop, 
ment  of  a  general  protocol.  The  Michigan 
(Black  and  Z<H'b  1266,  Heezen  1973,  Zorb 
1968)  semlfleld  method,  which  is  the  model 
for  this  protocol,  was  developed  by  a  coop¬ 
erative  effort  of  several  agencies  and  was 
used  to  evaluate  a  number  of  pesticides  over 
a  period  of  years. 

METHOD  AND  MATERIALS 

Pens.  Wire-covered  pens  should  be  con¬ 
structed  covering  a  minimum  ground  area 
of  0.006  ha  (600  ft*)  per  pen.  Suitable  pen 
dimensions  might  be  3.1  or  3.7  m  by  16.2  or 
22.9  m  (10  ft  or  12  ft  by  60  ft  or  75  ft) .  with 
the  top  cover  at  a  height  of  about  2.0  m  (6.5 
ft).  Other  dimensions  covering  0.005  ha  (500 
ft*)  or  more  per  pen  may  be  used.  Metal 
fiashlng  should  be  placed  around  all  pens 
to  a  height  of  46.7  cm  (18  In.)  above  groimd 


and  to  a  depth  of  15.2  cm  (6  in.)  below  the 
ground  surface. 

The  number  of  pens  needed  to  teat  one 
chemical  is  24  to  36.  This  would  provide  6-0 
untreated  (control)  pens  and  6-0  pens  for 
each  of  3  treatment  levels  (the  proposed 
treatment  rate  and  2  multiples  of  that  rate 
such  as  3  or  5  X  and  5  or  10  x).  An  inde¬ 
pendent  water  supply  and  a  small  shelter 
should  be  fiurnlshed  in  each  pen. 

Before  pens  are  planned  and  constructed, 
the  designer  and  builder  should  consult  wild¬ 
life  agencies  and  successful  game  farms  to 
learn  practical  considerations  such  as  preven¬ 
tion  of  parasites  and  disease,  soil  drainage 
requirements,  support  of  top  cover  to  prevent 
collapse  under  the  weight  of  snow,  tirpes  of 
watering  equipment,  etc. 

Birds.  Pens  may  be  stocked  with  1  mated 
pair  of  Bobwhites  per  pen.  One-year-<^d 
birds  of  known  history,  not  previously  ex¬ 
posed  to  pesticides,  shall  be  placed  in  the 
pens  at  least  2  weeks  prior  to  the  pesticide 
applications.  A  supply  of  replacement  Bob- 
whites  should  be  maintained  in  outdoor  pens 
near  the  test  pens.  If  either  member  of  a 
test  pair  dies,  the  survivor  should  be  removed 
and  held  for  observation  and  a  fresh  pair 
placed  in  the  test  pen.  For  practical  purposes, 
a  limit  should  be  set  on  the  period  of  time 
and  number  of  replacements  used. 

When  pheasants  are  utilized  in  this  pro¬ 
tocol,  the  pens  should  be  constructed  so  that 
removal  of  one  cross-fence  would  double  the 
pen  size,  for  example,  two  3.7  x  22.9  m  (12 
ft  x  75  ft)  pens  could  be  converted  to  one 
3.7  X  45.7  m  (12  ft  x  150  ft)  pen.  If  pheasants 
are  used  as  the  test  species,  the  stocking  rate 
should  be  1  male  and  5  females  per  larger 
pen. 

Test  conditions  and  procedures.  It  would 
be  desirable  to  use  movable  pens  that  can 
be  set  up  over  tibe  crop  or  vegetation  on 
which  the  pesticide  would  be  applied,  if  regis¬ 
tered.  If  permanent  (nonportable)  pens  are 
used,  then  the  soil  should  be  suitable  for 
growing  the  pertinent  crop  or  vegetation. 
The  pesticide  should  be  handsprayed  with 
precision  at  the  same  rate,  timing,  number 
of  applications,  and  formulation  as  the  pro¬ 
posed  registration.  Replicate  pens  should  adso 
be  treated  at  two  multiples  (such  as  3  or  5  x 
and  5  or  10  X)  of  the  petition  rate.  Spraying 
shovdd  be  done  under  minimum  wind  condi¬ 
tions  and  with  protective  shielding  to  pre¬ 
vent  contamination  of  adjacent  sprayed  pens 
and/or  control  pens.  For  statistical  purposes, 
it  is  best  to  randomize  the  test  pens,  but  be¬ 
cause  of  the  drift  problem,  it  may  be  better 
to  first  stratify  the  treatment  pen  locations. 

In  addition  to  applying  the  pesticide  in  the 
pens  at  the  proposed  rate  and  2  multiples 
of  that  rate,  feed  and  water  should  also  be 
treated  at  the  3  rates.  The  food  treatment 
rates  can  be  baaed  on  results  at  residue 
studies  required  for  other  purposes  in  the 
registration  procedure.  Treated  food  (toxi¬ 
cants  should  be  carried  in  a  table  grade 
com  oil.  not  in  dry  form  or  in  a  repellent 
solvent)  should  be  prepared  within  1  day 
of  the  time  the  pm  environments  are 
sprayed.  Treated  food  should  be  supplied 
dally  or  every  other  day  to  the  test  birds  in 
feeders  protected  frotn  the  weattier.  Food 
and  water  treatments  should  be  made  with 
procedures  and  rates  that  are  consistent 
with  the  characteristic  of  the  chemical  and 
the  usage  being  tested.  Another  desirable 
phase  of  the  test  would  be  to  provide  treated 
animal  foods  such  as  graaehoppem  or  other 
invertebrsftss  (earthworms,  etc.)  to  the 
penned  birds  simultaneously  with  the  pen 
environment  implications. 

If  it  becomes  neccassry  to  determine  the 
major  route  of  pesticide  exposure  to  the  test 
animals,  then  various  combinations  of  treat¬ 
ments  can  be  made.  For  example,  treatments 
(with  adequate  repllcatas)  might  include 


(1)  pen  environment  only  with  “clean”  food 
and  water,  (2)  “clean"  pen  environment  and 
water  with  tieated  food  only.  (3)  “clean” 
pen  environment  and  food  with  treated  water 
only,  or  (4)  other  oombinatkms. 

Birds  in  half  the  pens  at  a  given  treatment 
rate  may  be  fasted  and  water  withheld  for  12 
hours  prior  to  the  pesticide  applications.  If 
so.  half  the  control  pens  should  also  be 
fasted  and  not  allowed  access  to  water  foim- 
talns  for  the  same  12-hour  period. 

All  pens  should  be  numbered  and  locations 
mapped  or  charted.  Dally  records  should  be 
kept  of  observations,  toxic  signs,  test  bird 
deaths  and  replacements  (if  any),  complete 
data  on  pesticide  formulations.  impUcatlon 
rates  and  methods,  weather  conditions  and 
all  other  data  of  value  in  assessing  the  haz¬ 
ard  to  birds  (see  check  list) . 

Reproductive  success  of  the  test  birds 
may  be  determined.  This  should  be  done 
during  the  year  of  the  test  (and  again  1 
year  post-treatment  with  survivors  if  resi¬ 
dues  of  the  test  chemical  are  known  to  be 
persistent) . 

Eggs  may  be  picked  up  periodically  for 
artificial  Incubation  and  rearing  of  young 
in  the  first  half  of  the  breeding  season  but 
eggs  may  be  left  for  the  hen(s)  to  incubate 
in  the  last  half  of  the  normal  breeding  sea¬ 
son.  Hens  should  be  allowed  to  rear  the  young 
to  14  days  of  age  in  the  test  pens. 

The  duration  of  the  test  should  be  a  mini¬ 
mum  of  21  days  after  the  final  pesticide  iq>- 
pUcatlon  (longer  if  any  birds  are  showing 
toxic  signs  or  other  effects).  Beproducttve 
tests  would  of  course  continue  beyond  21 
days  posttreatment. 

Pesticide  residue  determinations  may  be 
added  to  support  the  study  throughout.  Diet 
and  water  levels  of  the  test  chemicals  should 
be  confirmed.  Vegetation,  soil,  and  other  en¬ 
vironmental  samples  may  be  analyzed  for 
residues  in  accordance  with  other  label  re¬ 
quirements  and  to  determine  persistence  and 
bioaccumulation.  Test  birds  poisoned  by  the 
pesticide  and  a  sample  of  surviving  birds 
should  be  analyzed  for  residues  in  selected 
tissues.  Gross  pathology  may  be  determined 
at  the  same  time. 

REPORTING  or  DATA 

The  final  report  must  include: 

An  introduction  and  background  Infi^ma- 
tkm. 

Proposed  use  of  the  pesticide  and  related 
data  such  as  vegetation  or  crop(8).  formula¬ 
tion  (s),  and  rate(s)  of  application. 

TEST  METHODS  AND  MATERIALS 

Test  animals  and  their  history;  Test  pen 
description;  Test  animals — food  and  han¬ 
dling;  Pesticide  formulation(B)  and  appllca- 
tloa(8);  Statistical  methods;  Weather  data 
oolleotlon;  Analytical  methods  for  reeldue 
determinations;  Clinical  data  methods;  Re¬ 
productive  study  methods;  Other  methods 
utilized. 

RESULTS 

Mortality — number,  dates,  etc.;  Toxic 
signs;  Weight  changes;  Food  consumpthm; 
Clinical  observations;  Necropsy  Observa¬ 
tions;  Residue  analysis  results;  Weather 
data  and  inclusive  dates  of  test;  Reproduc¬ 
tion  test(s)  results. 

SUM  MART  AND  CONCLUSIONS 

Potential  hazards  to  wlldltfb  should  be 
identified  in  addition  to  toxicity  results  per 
se;  Tables;  References. 

References 

Black.  C.  T.  and  O.  L.  Zorb.  1965.  ESect  of 

malathion  eprays  oa  penned  pteasantn 

Mich.  Conserv.  D^t.  Research  and  De¬ 
velop.  Rpt.  No.  34. 


FEDEIAL  REGISTER,  VOL  40,  NO.  123— WEDNESDAY,  JUNE  25,  1975 


26922 


PROPOSED  RULES 


Heezen,  K.  L.  1973.  Pesticide  effects  on  phea¬ 
sants.  Job  Complet.  Kept.  ProJ.  No.  W-118- 
R-6.  Job  No.  119.1  Mich.  Dept.  Oonserv.  21 
p.  (Mimeo) 

Kreitzer,  J.  F.  and  J.  W.  Spann.  1968.  Mortal¬ 
ity  among  Bobwhites  confined  to  a  hepta- 
chlOT  contaminated  environment.  J.  WildU 
Manage.  32(4)  :874-878. 

Zorb,  O.  L.  1968.  Effects  of  pesticides  on  wild¬ 
life.  Job  Complet.  Rpt.  ProJ.  No.  W-118-R- 
1,  Job  No.  4.  Mich.  Dept.  Conserv.  6  p.  (Ex¬ 
hibit  2) . 

Exhibit  1 

MICHIGAN  DEPARTMENT  OP  CONSERVATION 

(Research  and  Development  Report  No.  34 
June  18,  1965) 

EFFECT  or  MALATHION  SPRATS  ON  PENNED 
PHEASANTS* 

(By  C.  T.  Black  and  O.  L.  Zoih) 
Summary 

Malatblon  in  water  solution,  sprayed  at 
many  times  the  rates  normally  used  in  agri¬ 
culture,  apparently  does  not  harm  pheasants. 
Spraying  qf  penned,  nearly  grown,  young 
pheasants  with  malatblon  in  water  solution, 
at  rates  of  one,  five,  and  ten  pounds  per  acre, 
did  not  produce  any  apparent  harmful  re¬ 
sults.  The  following  spring  there  was  no  ap¬ 
parent  decline  in  egg  production  among  any 
of  the  sprayed  birds.  Eggs  from  the  sprayed 
birds  showed  normal  batchability,  and  chicks 
fiXHn  these  eggs  survived  normally  to  an  age 
of  three  weeks,  by  which  time  abnormalities 
usually  develop.  An  attempt  to  determine 
effect  of  malatblon  on  pheasants,  their  eggs, 
and  young,  from  nesting  in  12  feet  by  250 
feet  pens,  failed  because  the  pens  were  too 
small  to  permit  normal  nesting. 

•  *  •  •  •  • 
Introduction 

The  prospect  of  the  use  of  the  Insecticides 
malatblon  and  sevin  to  control  the  newly 
invading  cereal  leaf  beetle  in  Southwestern 
Michigan  in  1963  raised  some  important 
questions  as  to  the  impact  of  such  a  program 
on  wildlife.  While  it  was  suspected  that  these 
chemicals  would  not  be  harmful,  there  was 
strong  reason  to  suppose  that  both  insecti¬ 
cides  would  be  relatively  safe.  Still,  there  was 
more  evidence  at  that  time  regarding  sevin; 
not  so,  malatblon.  Consequently  the  Patux¬ 
ent  Wildlife  Research  Center  of  the  Bureau 
of  Sports  Fisheries  and  Wildlife  of  the  United 
States  Department  of  Interior  requested  the 
Michigan  Department  of  Conservation  to 
make  certain  field  observations  in  the  spray 
area  and  to  conduct  experiments  on  confined 
birds. 

This  report  presents  observations  on  an 
experimental  spraying  of  j>enned  ring-necked 
pheasants  with  malathion.  This  study  was 
financed  through  the  Patuxent  Wildlife  Re¬ 
search  Center.  The  pens  and  supervision 
were  furnished  by  the  Michigan  Department 
of  Conservation.  Special  thanks  are  due  to 
Martin  PoUok,  the  experienced,  painstaking 
superintendent  of  the  State  Oame  Farm, 
without  whose  incessant  care  this  project 
could  not  have  been  undertaken.  Certain 
other  phases  were  financed  by  Federal  Aid 
in  Wildlife  Restoration  Project  W-40-R. 

Specifically.  It  was  our  intent  to  subject 
pheasants  in  an  artificial  penned  situation  to 
as  nearly  the  same  spray  they  would  have 
received  in  the  wild — ^malathion  in  aqueous 
solution  at  a  rate  of  one  pound  per  acre.  We 
also  desired  to  subject  them  to  sprays  many 
times  that  rate  to  determine  the  effect  to 
excessive  rates  suCb  as  might  result  from 
accident,  or  deliberate  heavy  iqiplicatlon  by 
an  ovw-enthualastlc  farmer.  Also  these  heavy 


*  Contribution  from  Plttman-Bobertson 
Project  W-40-19.  Mtohlgan. 


rates  offer  certain  advantages  in  interpreting 
experimental  results.  For  this  purpose  we 
selected  rates  of  five  and  ten  poimds  per 
acre.  The  most  artificial  aspect,  besides  the 
penned  environment,  was  the  time  of  year 
when  we  were  forced  (by  circumstances 
beyond  our  control)  to  undertake  the  experi¬ 
ment.  Our  birds  were  sprayed  in  mid- 
September;  the  normal  time  of  cereal  leaf 
beetle  control  is  late  April  and  May.  However, 
we  feel  that  there  are  certain  indications 
from  this  experiment  that  malathion  may  be 
a  relatively  safe  insecticide  where  the  im¬ 
portant  game  bird,  the  ring-necked  pheas¬ 
ant,  is  concerned. 

Methods 

Pens;  Placement  of  Birds.  Sixteen  new 
pens  (12  feet  by  150  feet)  constructed  at  the 
State  Game  Farm  at  Msison,  Michigan  during 
the  summer  of  1963  alongside  20  pens  already 
there  made  available  a  battery  of  36  pens. 
Aluminum  fiashlng  between  all  pens  18 
Inches  high  and  buried  about  six  inches  in 
the  ground  prevented  run-off  between  pens 
and  excessive  fighting  between  cocks.  Pheas¬ 
ants  purchased  from  a  private  breeder  were 
banded  and  released  in  the  pens  (one  male 
and  five  females  per  pen,  plus  some  surplus 
birds)  on  September  1,  1963.  Eight  birds  died 
upon  flying  into  the  fence  between  that  date 
and  the  application  of  spray.  The  surplus 
birds  enabled  keeping  the  pens  fully  stocked 
at  the  time  of  spraying,  with  the  few  extra 
birds  split  up  among  the  control  pens. 

Experimental  Design.  The  pheasants  were 
subjected  to  different  concentrations  of  mal- 
athion— one,  five,  and  ten  pounds  per  acre. 
This  gave  nine  pens  (nine  males  and  49 
females)  for  each  treatment  and  nine  pens 
for  a  control.  While  ten  pounds  per  acre  is 
far  above  the  general  rate  of  field  applica¬ 
tion  this  three-level  application  might  help 
to  interpret  results.  For  example,  if  few  or 
no  deatiis  occurred  under  the  ten  pound 
treatment,  a  few  possible  deaths  in  the  lower 
dosages  could  be  blamed  on  other  causes. 

Pens  for  the  various  treatments  were 
selected  at  random  within  blocks  of  four 
pens  each.  The  20  old  pens  had  rank  cover 
or  quackgrass  and  weeds,  while  the  cover  in 
the  16  new  pens  had  been  clipped  and 
trampled  during  pen  construction  so  that 
there  was  much  less  natural  cover.  There  was 
also  some  difference  in  the  slope  between 
portions  of  the  pen  area.  The  systematic 
selection  of  blocks  prevented  the  possibility 
of  all  birds  under  one  treatment  falling  in 
the  same  cover  type  of  slope.  Selection  of 
treatments  within  blocks  was  done  at 
random. 

Application  of  Spray.  The  insecticide  was 
applied  with  a  new  John  Bean  “Trojan”  ten- 
gallon  sprayer.  After  a  little  practice,  the  12 
feet  by  150  feet  area  (1800  square  feet)  could 
be  sprayed  and  the  tonk  emptied  in  one  trip. 

Two  polyethylene  panels  (six  feet  by 
twelve  feet)  held  on  each  side  of  the  pen 
and  carried  in  adjoining  pens,  prevented 
drift  dining  the  application.  In  actual  op¬ 
eration,  even  with  some  wind,  holding  the 
noezle  (on  its  15  feet  hose)  close  to  the 
ground  eliminated  danger  of  drift.  The  alu¬ 
minum  flashing  on  the  sides  of  each  pen  were 
sufficient  to  limit  drift  at  the  pen  edge. 

Malathion  was  applied  on  September  19. 
At  each  pen  the  water  was  poured  from  ten- 
gallon  cans  into  the  sprayer,  the  malathion 
added,  the  motor  started  to  facilitate  mixing. 
The  sprayer  was  then  taken  to  the  far  end 
of  the  pen  to  stiut  the  spray,  and  worked 
back  to  the  gate.  The  pheasants  all  received 
some  direct  spray. 

Water  cans  and  food  trays  were  removed 
from  the  pens  befim  spraying.  A  supply  of 
ear  com,  enough  to  last  a  month,  was  placed 
in  each  pen  and  scattered  in  an  area  of  short 
grass.  Even  the  old  pens  had  a  trampled  area 
where  the  aluminum  flashing  was  Installed, 
so  that  the  corn  was  not  protected  by  tall 


grass  or  weeds.  The  com  was  not  turned 
over  during  spraying;  perhaps  a  third  of  the 
kernels  on  the  imder  side  of  the  ears  was 
not  directly  ^ayed.  The  corn  received  the 
spray  in  the  same  manner  as  the  rest  of  the 
pen. 

In  a  few  cases  where  the  timing  was  not 
exact  and  some  spray  remained  when  the 
end  of  the  pen  was  reached,  the  tank  was  run 
out  back  into  the  pen.  No  extra  solution 
was  sprayed  on  the  corn.  It  required  the  full 
day  to  spray  all  27  pens.  No  birds  were 
lost  due  to  the  extra  distvubance  of  the 
sprayer  and  crew.  Fresh  water  was  provided 
after  the  spray  was  completed. 

Autopsy  Procedure.  Dr.  L.  D.  Fay,  Game 
Section  Pathologist,  autopsied  36  hens  from 
the  experimental  pens  (9  hens  from  controls 
and  9  from  each  treatment)  on  September  25 
and  October  10  and  18,  or  6,  21,  and  29  days 
after  spray,  respectively.  The  hens  to  be 
autopsied  were  picked  at  random — ^flrst  by 
pen,  then  by  individual  bird.  Only  one  hen 
was  taken  from  each  pen,  so  once  selected 
a  pen  was  no  longer  available  for  choice. 

Birds  were  killed  by  injecting  2-3  ml.  of 
a  solution  of  sodium  pentobarbitol  into  the 
heart  a  few  minutes  before  examination. 
Dr.  R.  K.  Ringer,  an  avian  physiologist  from 
Michigan  State  University,  collected  certain 
endocrine  glands  for  histologicid  examina¬ 
tion  and  observed  the  general  autopsy.  The 
control  birds  were  examined  first  to  observe 
the  normal  organs.  Procedure  was  to  (1) 
examine  externally  for  lesions  and  mass  par¬ 
asitism;  (2)  skin  out  carcass  and  observe 
general  (xmditlon  of  musculature;  (3)  re¬ 
move  breast  to  expose  abdominal  and 
thoracic  organs  in  their  natural  position; 
(4)  examine  heart,  lungs,  air  sec  membranes, 
liver,  spleen,  intestine,  ovary,  and  kidneys, 
for  color,  size,  and  pathologic  lesions  and 
other  abnormalities;  (5)  split  trachea,  crop, 
gizzard  and  intestinal  tract;  wash  and  ex¬ 
amine  sediment  grossly  for  parasites;  and 
make  smears  of  intestinal  contents  and  ex¬ 
amine  under  mlcrosoc^;  (6)  remove  liter 
and  spleen  intact  from  most  birds  and 
weigh,  and  take  samples  of  liver,  ^leen  and 
kidney  for  sectioning. 

Handling  of  Eggs  and  Chicks.  The  experi¬ 
mental  birds  sprayed  as  described  above  were 
over-wintered  in  four  pens  containing  corn 
Shocks  for  shelter.  The  birds  from  each 
spray  treatment  were  kept  separated  and  in 
pens  that  had  been  sprayed  with  their  par¬ 
ticular  treatment.  Higher  protein  food  was 
furnished  to  all  birds  in  late  winter.  Eggs 
were  collected  from  these  birds  between 
April  27  and  May  7  and  placed  in  an  in¬ 
cubator  on  May  11.  On  May  18  the  incubat¬ 
ing  eggs  were  candled  and  infertile  eggs  or 
those  containing  dead  embryos  were  re¬ 
moved.  The  eggs  hatched  on  June  1.  All  the 
eggs  which  failed  to  hatch  were  examined 
and  cause  of  failure  classified  as  ( 1 )  in¬ 
fertile,  (2)  embryo  dead,  noting  approximate 
age  at  death,  or  (3)  egg  pipped  but  failed 
to  hatch.  The  chicks  were  held  for  three 
weeks  in  12  brooder  houses  with  18  to  27 
chicks  per  house.  There  were  three  houses 
for  chicks  fitmi  each  of  the  four  treatments. 
Survival  of  chicks  was  noted,  and  their  de¬ 
velopment  and  growth  closely  watched  to  see 
if  any  abnormalities  resulted  from  the 
malathion. 

Spraying  Breeding  Birds.  After  the  egg  col¬ 
lection  was  complete  we  put  a  male  and 
female  from  the  control  lot  (not  sprayed  with 
malathion  the  preceding  fall)  in  each  of  24 
pens  and  sprayed  alternate  pens  and  food 
supply  with  malathion  at  the  rate  of  6  lb.  per 
acre.  These  birds  were  then  permitted  to  nest. 
However,  excessive  harassment  by  the  males 
and  injury  to  several  hens  resulted  in  our  re¬ 
moving  most  males  and  rotating  a  few  males 
through  the  pens.  Regular  oheervatioDs  were 
made  as  to  the  progress  of  nesting  and  the 
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number  of  broods  produced  by  the  sprayed 
and  normal  birds. 

FindiMffs 

Late  Summer  Spray  on  Young  Birds — Im¬ 
mediate  Effect.  No  birds  died  and  there  was 
no  apparent  change  in  the  appearance  or 
activity  of  any  of  the  birds  following  the 
experimental  spraying  with  malathlon  sprays. 
The  autopsy  of  three  hens  from  the  control 
group  and  from  each  treatment  bn  the  6th. 
21st,  and  29th  day  following  the  spray  (12 
birds  each  date)  showed  no  differences  be¬ 
tween  the  controls  and  the  birds  exposed  to 
malathlon.  Nor  were  there  gross  differences 
among  the  controls  and  the  pheasants  ex¬ 
posed  to  the  different  rates  of  malathlon. 
Specifically,  there  were  no  gross  pathological 
lesions  attributable  to  malathlon. 

The  Uver  and  spleen  were  saved  and  sec¬ 
tions  mounted.  Examination  revealed  no  dif¬ 
ferences  between  controls  and  experimental 


birds.  We  also  have  slides  ot  the  brain,  and 
pituitary,  adrenals,  thyroid  and  thymus 
glanda.  Bxamlnatlons  are  not  complete,  but 
no  Indications  of  damage  so  far  have  been 
detected. 

A  few  birds  died  In  the  pens  during  De¬ 
cember.  Two  of  these  were  found  when  fresh 
enough  to  autopsy.  One  had  a  broken  neck 
and  the  other  a  broken  leg.  Birds  were  dls- 
ttirbed  by  wild  cocks  flying  onto  and  from 
the  tops  of  the  pens,  and  apparently  flew  Into 
pen  wire  with  occasional  fatal  results. 

Reproduction  in  Following  Spring.  Mala- 
thion  appeared  to  have  no  effect  on  pheasant 
reproduction  in  experimental  birds  sprayed 
(birds,  food  and  pen)  at  the  rates  of  1,  5,  and 
10  lb.  of  malathlon  per  acre  about  eight 
months  prior  to  the  breeding  season.  Ex- 
p^mental  birds  fared  as  well  as  or  better 
than  the  control  birds  in  egg  productloD, 
egg  fertility,  hatchability,  and  survival  of 
chicks: 


Treatment 

Eggs  collected 
per  hen 

Percent  of  fertile  eggs 

infertile  eggs 

Dead  embryoe 

Chicks  dying 
after  hatching 

Chicks  surviv¬ 
ing  to  3  weeks 

Control . . 

2.1 

0 

20 

11 

69 

1  Ib/acre _ _ 

2.8 

7 

30 

1 

68 

5 Ib/acre _ 

2.4 

2 

22 

8 

71 

10  Ib/acre . . 

2.6 

2 

11 

2 

84 

Egg- Production.  There  was  no  apparent  de¬ 
cline  in  egg  production  in  birds  experi¬ 
mentally  sprpyed  with  malathlon,  when  com¬ 
pared  to  the  controls.  Since  egg  collections 
were  made  from  large  pens  that  contained 
shocked  com  for  winter  cover,  some  eggs 
could  have  been  missed.  Each  pen  contained 
about  36  bens  and  the  collection  figures  give 
at  least  an  indication  of  production. 


Treatment 

Number 
of  hens 

Number 

ofegga 

Eggs 
per  hen 

Control... . 

87 

77 

2.1 

1  Ub/acN . 

36 

102 

2.6 

S  Ib/acie . . 

34 

81 

2.4 

10  Ib/acre . . 

35 

go 

2.6 

Egg  Fertility  and  Dead  Embryos.  The  eggs 
were  candled  on  May  18,  one  week  after 
incubation  began,  and  the  infertile  eggs  and 
those  with  dead  embryos  were  removed.  At 
this  time  the  eggs  from  the  control  birds  and 
those  from  the  1  lb.  treatment  of  malathlon 
had  greater  losses  than  the  5  and  10  lb. 
groups. 

On  June  1,  when  most  eggs  hatched,  the 
eggs  which  failed  to  hatch  were  examined 
and  the  dead  embryos  were  aged.  Embryos 
from  the  1  and  5  lb.  groups  had  suffered  the 
greatest  loss: 


Stage  of  incubation  Total  loss  from  all  eggs 


At  Tth  day  Stii  te  2Sd  day 

Treatment  -  — -  Numlwr  Pereead 

Number  Dead  Dead  Pipped 

of  eggs  Infertile  embryos  embryos  but  died 


Control _  77  7  6  4  4  21  27 

1  Ib/acre .  102  7  7  18  4  30  »> 

Slb/aere.., .  81  2  2  13  2  »  23 

WIbfmm .  90  2  3  «  2  U  14 


Embryo  loss  was  greatest  In  the  1  Tb.  ex-  eggs  from  the  19  lb.  birds  had  the  highest 
perlmental  birds,  and  all  experimental  birds  fertility  rate  and  the  lowest  loss  of  embryos; 
suffered  heavier  loeses  at  the  later  stages  of  this  would  seem  to  preclude  damage  from 
Incubation  than  did  controls.  However,  the  malathlon. 


Aga  of  dead  eaibryoa  la  day*  Pipped  Lost  of  fertUs  eggs 

- butdiad - 

lto7  8  to  10  11  to  13  14  to  16  17  to  If  20to22  Number  percent 


CaatroL _ _  42901  14  14  M 

1  Ib/acre . .  7421*442930 

6Ib/8crs .  2082852  17  22 

lOlb/aers _  8044042  11  U 


farm  manager  noted  nothing  unusual  tn 
the  losses  that  ooeurred.  Loss  was  from 
plekliig.  occasional  runts,  and  a  few  de- 
foraaad  birds. 


Survival  of  Chicks.  Chicks  from  each  treat¬ 
ment  were  placed  In  brooder  houses  (from 
18  to  27  chicks  per  house)  and  raised  to  an 
age  of  3  weeks.  The  controls  suffered  heavier 
losses  than  did  experimental  birds.  Our  gams 
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Treatmact 

Pen  No. 

Nomber 

ofcbicks 

Died  to  S  week* 

in  treatment 

Number 
per  pen 

Total 

Paroent 

1 

[  ^ 

19  1 

1 

1  *] 

1 

Oontnd. . . ( 

* 

18  \ 

M 

14 

1 

i  10 

19  1 

1 

[  2  1 

1 

1 

1  4 

22  1 

1  ®  1 

1 

1  Ib/acre.... . \ 

5 

22  [ 

M  1 

0 

1 

2 

1 

[  6 

22  I 

1 

1 

22  1 

1  2 

1 

S  Ib/acre . | 

12 

21  [ 

82  1 

3 

6 

10 

[  14 

19  I 

i 

1 

1 

1  1 

27  1 

1 

1 

lOlb/sftre.. . \ 

2 

2.1  \ 

77  1 

* 

2 

3 

1 

[  3 

25  1 

1  0  1 

1 

All  experimental  Birds. . . 

205  . 

9 

4 

Spring  Spray  on  Breeding  Birds.  We  were 
imable  to  evaluate  the  effects  of  a  5  lb.  per 
acre  ^>pllcatlon  of  malatblon  implied  to 
,  birds  during  the  breeding  season.  Nesting 
was  not  succesfiil  In  the  24  pens  each  con¬ 
taining  a  pair  of  birds.  The  cock  harrassment 
of  the  hen  was  a  major  problem.  Most  of  the 
cocks  were  removed  and  the  remaining 
ones  alternated  between  pens  so  that  the 
hens  would  have  an  opportunity  to  begin 
nesting  but  still  Insure  fertility.  Nine  hens 
died  from  accidents  or  from  Injuries  from 
the  cock,  nine  hens  raised  no  brood,  and  six 
hens  hatched  clutches.  The  six  successful 
clutches  produced  only  12  chicks. 

Exhibit  2 

JOB  COBIFLETION  REPOBT 
RESEARCH  PROJECT  SEGMENT 

State  of  Michigan 
Project  No.:  W-118-R-1 
Job  No.:  4 

Period  Ck>vered:  July  1,  1967,  to  Jime  30,  1068 
Name:  Farm  Oame  Management  Research 
Title:  Effects  of  Pesticides  on  Wildlife 

Abstracts.  Simulated  field  applications 
were  made  of  phorate  and  phosphamldon  on 
ring-necked  pheasants  confined  In  .04  acre 
pens  (12  ft  X  160  ft).  The  phorate  granules 
were  spread  evenly  over  the  entire  pen  ares. 
Including  the  food.  Phosphamldon  was  ap¬ 
plied  evenly  in  a  10-gallon  water  mixture  over 
the  entire  pen  including  the  food  supply.  We 
made  no  attempts  to  spray  or  to  avoid  spray¬ 
ing  the  pheasants.  Many  of  the  birds  received 
some  direct  spray  but  none  were  heavily 
sprayed.  This  Is  the  same  procedure  we  have 
followed  In  our  tests  of  five  other  organo- 
•  pho^hate  insecticides. 

Phorate  was  applied  twice,  three  weeks 
apart,  at  Vi  and  3  pounds  per  acre  rates. 
Phosphamldon  at  V4  pound  per  acre  was 
i^ipUed  twice  (a  month  between  applica¬ 
tions),  and  applied  only  once  at  a  3  pound 
per  acre  rate.  Surviving  birds  were  held  over 
winter  and  eggs  collected  and  hatched,  and 
the  chicks  held  tar  two  weeks  to  check  re¬ 
productive  success. 

Under  our  experimental  procedures 
phorate  was  not  dangerous  to  pheasants.  One 
bird  dead  four  days  after  the  Initial  applica¬ 
tion  of  phorate  at  3  pounds  per  acre,  was 
the  only  bird  to  show  any  111  effects  out  of 
the  60  experimental  birds  subjected  to  the 
two  applications  of  this  granular  pesticide. 
No  adverse  effects  on  reproductive  success 
were  discemable  In  the  treated  birds  the 
following  filing. 

Phosphamldon  at  a  rate  of  3  pounds  per 
acre  serious  effects  on  the  birds.  Nine 
birds  died  and  18  ot  the  remaining  21  birds 
became  Immobilized  under  the  3  pound  rate. 
The  sick  birds  probably  would  not  have  sur¬ 
vived  under  natural  conditions  resulting  In  a 
possible  90  percent  mortality  from  this  rate 
of  phosphamldon.  After  two  applications  of 
phosphamldon  at  Vi  pound  per  acre,  four 
birds  became  sl<A  after  the  first  application, 


but  there  were  no  deaths  and  no  other  111 
effects. 

The  surviving  birds  from  both  treatments 
had  the  same  reproductive  success  as  the 
control  birds  when  checked  the  following 
spring. 

Modified  spray  treatments.  As  a  further 
check  on  just  how  the  birds  In  our  pens  were 
receiving  an  organo-phosphate  pesticide,  we 
sprayed  diazlnon  at  a  rate  of  5  pounds  per 
acre  in  three  modifications  of  exposure  of  the 
pesticide  to  the  birds.  In  three  pens  only  the 
food  was  sprayed.  In  three  pens  only  the 
birds  were  sprayed  and  In  three  pens  the 
birds  and  food  were  Introduced  immediately 
after  the  entire  pen  was  sprayed.  Two  pens 
were  sprayed  with  the  birds  and  food  In  the 
pen,  following  our  standard  spray  procedure. 

There  was  almost  complete  mortality  In 
the  “food  only”,  “birds  only”,  and  the 
“normal”  spray  applications.  Where  only  the 
environment  was  sprayed  there  was  no  effect 
at  all  on  the  birds.  Either  contaminated  food 
or  direct  spray  killed  the  birds  but  a  freshly 
sprayed  environment  had  no  effect.  Appar¬ 
ently  the  diazlnon  must  be  oral,  dermal  or 
respiratory,  rather  than  through  casual  ex¬ 
posure.  The  6  pound  rate  of  diazlnon  sprayed 
pens  with  birds  and  food  In  them  had  much 
more  effects  on  the  pheasants  than  our  tests, 
conducted  In  the  same  manner  two  years  ago. 
This  year  we  had  100  percent  mortality,  com¬ 
pared  to  40  percent  mortality  in  the  previous 
test.  We  have  no  explanation  for  this  differ¬ 
ence.  It  would  be  beneficial  If  we  could  set 
up  future  experiments  with  modified  spray 
treatments  to  Indicate  more  clearly  the  man¬ 
ner  of  transmission  of  the  pesticide  to  the 
birds. 

Recommendations.  Continue  to  test  non- 
persistent  pesticides  on  penned  pheasants. 
Make  selection  of  test  materials  after  discus¬ 
sion  with  State  and  Federal  authorities  so 
that  the  work  will  be  done  with  the  chemi¬ 
cals  that  are  the  most  Important  to  Michigan 
or  to  the  pesticide  situation  as  a  whole.  Work 
toward  a  testing  procedure  that  can  be  util¬ 
ized  as  a  standard  of  “simulated  field  tests” 
everywhere  In  the  country. 

Objectives.  To  study  the  effects  of  Insec¬ 
ticides  on  game  birds  and  mammals  and  all 
other  wildlife  under  field  and  pen  conditions. 

Techniques  used.  During  August  and  Sep¬ 
tember  of  1967  we  checked  the  effects  of 
phorate  (Thlmet)  and  phosphamldon  on 
pheasants  under  simulated  field  conditions. 
Phorate  ( 10  percent  granular  on  attapulgite) 
was  spread  on  .04-acre  pens  with  a  hand 
windmill  seeder  at  the  rates  of  V4  3 
pounds  per  acre.  Phosphamldon,  in  a  10-gal¬ 
lon  water  mixture,  was  sprayed  at  these  same 
rates.  There  were  five  pens,  each  with  six 
birds  (IM  5F),  for  each  treatment  plus  five 
pens  of  control  birds.  The  birds  received  no 
direct  cmitact  with  phorate,  but  It  was  spread 
on  and  around  their  food  supply  and  over 
the  entire  area  of  the  pen.  In  order  to  assiu'e 
even  coverage  with  the  phorate  we  added 
additional  att^ulglte  of  a  similar  mesh  size 
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for  filler.  With  the  liquid  mixture  of  phos- 
phamldon  we  made  no  attempt  to  spray, 
or  to  avoid  spraying  the  birds  directly.  A  few 
birds  in  each  pen  received  some  direct  ^ray. 
Phorate  was  applied  twice  (August  5  tind 
28) .  Phosphamldon  was  applied  twice  at  the 
-pound  rate  (Aug.  8  and  Sept.  6)  and  once 
(Aug.  8)  at  the  S-pound  rate. 

In  an  attempt  to  clarify  Just  how  birds 
receive  pesticides  under  our  spray  conditions 
we  set  aside  11  pens  for  different  applica¬ 
tion  methods.  Using  diazlnon  at  a  rate  5 
pounds  per  acre  we  sprayed  (1)  only  the  food 


supply  in  three  pens,  (2)  only  the  birds  in 
the  three  pens,  (3)  the  pen  only,  omitting 
food,  water  and  birds  in  three  pens,  and  (4) 
the  remaining  <wo  pens  in  the  normal 
manner. 

Spray  Results — Phorate.  Under  the  experi¬ 
mental  conditions,  phorate  had  little  effect 
on  penned  pheasants.  One  bird  died  fo\ir 
days  after  the  first  application  of  phorate  at 
the  3-pound  rate.  There  were  no  other  deaths 
and  the  remainder  of  the  birds  appeared 
normal  at  all  times. 


Treatment  Number  of  Birds  Died  Sick  Number  of 

pens  applications 


Phorate  H  lb .  5  30  0  0  2 

Phorate  3  lb .  5  30  1  0  2 


The  pens  had  a  heavy  grass  cover  when  the 
granular  phorate  was  applied.  A  mowed  strip 
160  ft.  long  down  the  center  of  each  pen, 
and  relatively  bare  areas  around  the  feeder, 
at  both  ends  of  the  pen,  and  along  the  fence 
provided  areas  where  the  granular  particles 
would  be  readily  available  to  the  birds. 

Phosphamidon.  Phosphamldon  at  a  rate 
of  ^  pound  per  acre  had  no  serious  effects 
on  pheasants  but  when  the  rate  was  doubled 
to  3  pounds  per  acre,  90  percent  of  the  birds 
were  killed  or  become  Immobilized  for  such 
long  periods  that  It  Is  doubtful  that  they 
would  have  survived  under  natural  condi¬ 
tions.  No  birds  died  and  three  became  sick 
after  the  first  application  of  phosphamidon 
at  the  %  lb.  per  acre  rate.  A  second  applica¬ 


tion  was  made  a  month  later  and  at  this 
time  only  one  bird  became  sick  and  none 
died. 

The  3 -pound  rate  had  more  pronounced 
effects  on  the  pheasants.  Nine  birds  died 
over  a  10-day  period  and  18  of  the  remaining 
21  birds  became  sick.  The  sick  birds  became 
immobilized,  had  a  watery  discharge  from 
their  bills,  and  were  unable  to  eat.  Four  of 
the  dead  birds  and  several  of  the  sick  birds 
had  badly  scalped  heads.  We  didn’t  observe 
how  the  scalping  occurred,  and  we  had  never 
observed  this  on  any  of  the  sick  or  dead  birds 
from  other  organo-phosphate  insecticide 
trials  we  have  completed.  The  sick  birds 
would  have  had  a  difficult  time  surviving 
under  natural  conditions. 


Treatment 

Number  of 

Birds 

Died 

Sick  Number  of 

pens 

applications 

Phosphamldon  >4  lb . . . . 

_  a 

30 

0 

4  2 

Phoephamldon  3 lb _ _ 

SO 

9 

18  1 

DUusinon.  In  our  original  tests  with 
diazlnon  In  1066  we  lost  17  of  the  42  experi¬ 
mental  birds  under  the  S-pound  per  acre 
treatment.  This  year  In  two  pens,  treated 
exactly  as  In  the  original  experiment,  we  lost 
all  12  of  the  test  birds.  The  diazlnon  was 
newly  purchased,  from  fresh  stock  according 
to  the  vendor,  and  we  have  no  explanation 
for  the  increased  vulnerability  of  the  birds 
this  year.  For  the  food  treatment  we  spread 
the  cracked  grain  on  hurlap  sacks,  sprayed 
It  and  returned  it  in  food  trays  to  the  pens. 
For  the  “birds  only”  treatment,  the  birds 
were  placed  In  small  cages  and  submitted 
to  direct  spray  for  4  to  6  seconds.  For  the 
"pen  only"  treatment  the  food,  water  and 
birds  were  removed  from  the  pen  before  the 
spray  application  and  put  back  Into  the  pen 
Immediately  after  the  pen  was  sprayed. 

The  results  of  diazlnon  at  a  rate  of  6  lb. 
per  acre  on  pheasants  under  the  different 
conditions  were  as  follows: 


Treatment 

Blrds^ 

Results 

Sick  Died 

18 

18 

2 

0 

16 

17 

0 

Birds  only. 

Pen  only  . 

18 

0 

Compleia  spray 

12 

0 

12 

The  birds  were  affected  either  through  the 
contaminated  food  or  by  direct  spray,  receiv¬ 
ing  the  diazlnon  via  either  oral,  dermal,  or 
respiratory  routes.  Contact  with  a  newly 
sprayed  environment  did  not  affect  the  birds. 

The  phorate  and  phosphamldon  survivors 
were  placed  In  separate  pens  according  to 
original  treatment  and  held  over  winter.  They 
were  returned  to  their  original  pens  In  April, 
and  eggs  were  collected  for  reproduction 
trials. 

Hatching  results.  There  was  no  indication 
that  the  experimental  birds  differed  from 
control  birds  In  their  reproductive  success. 
The  data  from  one  pen  of  birds  from  the 
phosphamidon  pound  rate)  treatment 
were  omitted  from  the  analysis.  The  cock  in 
this  pen  was  apparently  Infertile  as  none  of 
the  67  eggs  collected  from  this  pen  were 
fertile.  To  check  this  we  put  a  different  cock 
In  this  pen  and  of  20  eggs  collected  after 
the  change,  18  were  fertile.  The  basic  hatch¬ 
ing  data  Is  given  in  Tables  I  and  n. 

An  analysis  of  the  variance  of  the  number 
of  chicks  surviving  to  two  weeks  per  egg  laid, 
for  the  controls  and  the  four  treatments  Is 
shown  In  Table  m. 

Prepared  by  Oordon  Zorb, 

Approved  by  — — 

Date  October  7,  1968. 

Approved  by  Ralph  J. - . 
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Tabu  TJL—t-aeek  eUdu  per  m  Imid 


Pen  No. 

Oontr(4s 

PhorsteHIb 

Ftaorste  8  lb  Phosj^hwildon 

Fbosphamldon 

1 . 

asB 

a79 

a64 

a  61 

6.81 

2 . 

.80 

.70 

.60 

.85 

.69 

3 . 

.81 

.68 

.70 

.65 

.86 

4 . 

.4.5 

.86 

.64 

.67 

.80 

5 . 

.68 

.71 

.67 . 

.S3 

Average... . 

.68 

.75 

.67 

.70 

.78 

Total . 

S.40 

S.74 

8.38 

2.78 

8.78 

Note. — See  table  below; 


Source 

df 

B.S. 

M.S. 

_  .  4 

0.034 

0.0085 

.  19 

.250 

.0132 

Total  _ 

_  -  ___  _  23 

.284  . 

/’=0.644: 

/'*»)(4,  19)-2.90 


Peotocol  for  Puix-Scau  Field  Tests  To 

Evaluate  Pesticide  Hazards  to  Wilihjfe 

No  single  test  protocol  can  be  designed  to 
cover  all  field  studies  because  practical  con¬ 
siderations  for  each  field  situation  and  com¬ 
pound  make  each  study  unique.  It  may  be 
possible  to  develop  similar  protocols  for  a 
uniform  type  habitat  in  a  given  geographical 
region  (example — study  of  grasshopper  insec¬ 
ticides  in  short-grass  plains  habitat — 
McEwen  et  al.  1972). 

Hie  primary  objective  of  a  full-scale  field 
study  is  to  determine  the  total  impact  of 
pesticide  applications  on  wildlife  popula¬ 
tions.  Effects  may  occur  in  many  ways  in¬ 
cluding  (1)  direct  poisoning  and  death  (by 
ingestion,  dermal  exposure,  or  inhalation), 
(2)  toxic  effects  indirectly  causing  death  such 
as  those  mcreasing  susceptibility  to  capture 
by  a  predator,  (3)  causing  inability  to  reach 
food  and  water  or  lower  resistance  to  weather 
and  disease  stresses,  (4)  loss  al  insect  food 
supply  and  abandonment  of  home  range,  (6) 
harmful  reproductive  effects  and  consequent 
inability  to  maintain  populations,  or  (6) 
other  indirect  ecological  dlstmrbances. 

Full-scale  field  tests  are  applicable  for  pro¬ 
posed  pesticide  uses  to  be  registered  for  large- 
scale  graying  on  forest,  rangelands,  rights- 
of-way,  roadsides,  wetlands,  and  major  crop¬ 
lands  (such  as  cotton,  wheat,  com,  soybeans, 
rice,  sorghums,  or  alfalfa)  or  other  major 
wildlife  habitats.  Data  available  from  other 
tests  such  as  those  to  determine  efficacy, 
persistence,  environmental  contamination, 
transfer  and  bioaccumulatton  potential,  and 
residues  In  livestock,  may  be  useful  in  de¬ 
veloping  an  estimate  of  toted  ecological 
effects.  Such  data  may  be  neaity  sufficient  or 
may  need  much  expansion  depending  on 
their  completeness. 

methods  and  materials 

A  thcR'ough  pesticide-wildlife  ecology  study 
should  Include  collection  of  data  on  wild 
bird  and  mammal  populations  (resident  and 
nonresident  species),  climate,  soil,  vegetation 
biomass  by  iqiecies,  numbers  and  biomass  of 
arthropods  (identified  to  lowest  taxonomic 
identification  possible),  food  habits  of  the 
most  abxmdant  wildlife  species,  and  distri¬ 
bution  and  fate  of  pesticide  residues  in  ani¬ 
mals,  plants,  and  environment.  Each  param¬ 
eter  or  variable  would  require  a  separate 
sampling  method.  These  data  should  be  col¬ 
lected  on  sprayed  and  unsprayed  areas  before 
and  after  the  treatment  date(s) . 

The  experimental  pesticide  applications 
should  be  made  on  the  crop(8)  or  type  of 
vegetation  for  which  the  pesticide  will  be 
registered.  Wildland  treatment  areas  should 


be  a  minimum  of  129.5  ha  (320  acres)  in  size 
for  a  given  chemical  and  rate  of  application. 
Crt^land  or  right-of-way  study  areas  may  be 
smaller  if  the  topical  field  or  area  sprayed 
would  be  smaller.  All  treatment  areas  should 
be  sufficiently  large  to  accommodate  a  mini¬ 
mum  of  2  replicates  of  8.1  to  16.2  ha  (20  to  40 
acres)  census  plots  with  a  sprayed  buffer 
zone  of  at  least  45.7  m  (150  ft)  aroxmd  all 
plot  boundaries.  The  experimental  applica¬ 
tions  should  be  made  at  the  proposed  regis¬ 
tration  rate  and  at  2  mult4>ies  of  that  rate 
(such  as  8  or  5  x  and  5  or  10  x).  Unsprayed 
cropland  or  wildland  habitat  should  be 
studied  simultaneously  on  replicated  plots  in 
the  same  manner  as  the  sprayed  areas  in 
order  to  detect  changes  due  to  factors  other 
than  the  pesticides. 

Crc^land  at  rangeland  birds  may  be  cen- 
sused  by  adaptations  of  the  atrip  method 
(Emlen  1971;  McEwen  et  al.  1972).  Emphasis 
should  be  on  ^rlng  and  summer  resident 
species  during  the  breeding  season.  Birds  in 
forested  or  mixed  habitats  are  usually  oen- 
sused  by  a  plot  method  (Ecological  Research 
Committee  1070). 

The  basic  procedure  in  the  strip  census 
technique  is  to  walk  a  straight  line  transect, 
usually  within  a  given  time  period,  and  to 
identify,  record,  and  plot  locations  of  all  birds 
seen  within  a  predetermined  width  of  the 
strip  (for  example,  50  m  to  either  side  of  the 
line  of  travti,  !«.,  a  width  of  100  m).  Btrip 
censuses  are  usually  run  in  the  early  morning 
hoars  to  coincide  with  a  major  activity  period 
of  the  birds.  Transects  are  marked  in  some 
manner  so  that  the  same  routes  can  be  re¬ 
peated  periodically  over  several  days,  weeks, 
months,  or  from  year  to  year.  Flequent 
counts  within  the  breeding  season  on  repli¬ 
cated  transects  will  provide  statistically  ade¬ 
quate  data  for  comparing  pre-  and  postspray 
populations  and  sprayed  plots  with  tm- 
sprayed  plots. 

The  general  approach  for  plot  censuses  in 
woody  or  mixed  habitats  is  similar  to  the 
strip  census.  The  basic  difference  Is  that  birds 
are  observed,  Ideuttfled  and  plotted  <m  a  map 
of  a  rectangular  or  square  plot  (usually 
fU>out  Id  ha  or  40  acres  in  size) .  The  observer 
walks  a  more  or  lees  set  route  taking  him  to 
all  portUms  of  the  census  jdot  within  a  given 
time  period.  Other  requirements  such  as 
season,  time  of  day,  replications,  frequency 
of  repetition,  etc.,  are  similar  to  the  strip 
method. 

With  either  method,  weather  conditions 
must  be  suitable  for  the  counts.  All  nests 
found  should  be  marked  and  checked 
perVodlcaUy  with  a  minimum  of  disturbance 
to  determine  nesting  success.  Reprodiictlve 
success  may  also  be  estimated  by  recording 


the  number  of  fledglings  observed  per  unit 
of  area  and  time  cm  replicated  plots. 

amall  mammals  may  be  studied  by  a  mark 
and  recapture  method  using  grids  of  Sher- 
man-type  live  traps.  There  are  various  sys¬ 
tems  at  trap  layouts,  length  of  trapping 
period,  and  data  treatment.  The  system  rec¬ 
ommended  by  the  International  Biological 
Program  (IBP),  Grassland  Biome  (Swift  and 
French  1972),  utilized  a  square  grid  of  12  x  12 
stations  or  144  trap  sites  (15  m  between  sta¬ 
tions)  with  1  <»’  2  live  traps  per  station.  Ani¬ 
mals  captured  are  marked  and  released  over 
a  trapping  period  of  5  consecutive  days.  The 
same  procedure  is  repeated  in  a  later  time 
perlod(s)  (example,  pre-  and  postspray)  on 
marked,  replicated  grids.  Data  are  analyzed 
by  the  Jolly  (1965)  method. 

Effects  of  the  pesticide  treatments  on  total 
arthropod  liumbers  and  biomass  should  be 
measured  in  addition  to  effects  on  the  target 
insect.  These  measurements  can  be  made  by 
standard  entomological  methods.  Particular 
attention  should  be  paid  to  arthropod  species 
known  to  be  important  for  wildlife  food.  The 
limitations  of  the  arthropod  sampling  tech¬ 
niques  used  should  be  noted  and  reported. 

Animal  and  environmental  samples  should 
be  collected  for  pesticide  residue  determina¬ 
tions  periodlccdly  until  residue  levels  fall 
below  0.01  ppm.  The  following  types  of  sam¬ 
ples  should  be  analyzed :  ( 1 )  Tissues  of  1  or 
more  species  of  common  resident  omnivorous 
birds,  (2)  tissues  of  1  or  more  species  of  com¬ 
mon  retident  omnivorous  mammals,  (3)  com¬ 
mon  arthix^xids,  (4)  vegetation  (leaves  and 
stems  or  entire  above-ground  parts  of  the 
wild  or  cultivated  plants  sprayed),  (5)  plant 
litter,  (6)  soil  (to  a  depth  of  about  2]^  cm), 
and  (7)  water  (if  any)  from  the  sprayed  area. 
Much  of  the  p^lcide  residue  data  may  also 
be  required  for  other  phases  of  the  registra¬ 
tion  procedure  and  may  be  utilized  for  dual 
purposes. 

reporting  of  data 

The  final  r^>ort  should  Include: 

An  introduction  and  background  Information 

Proposed  use  of  the  pesticide  end  related 
data  such  as  vegetation  or  crop(s),  formula- 
tlon(s),  and  rate(s)  of  application. 

Test  methods  and  materials 

A  description  of  the  study  area  including 
vegetation,  t(^x>graphy  and  all  pertinent 
ecological  Information;  Study  plot  layout — 
locations  and  replications;  Listing  of  resident 
and  migrant  fauna  with  estimates  of  popula¬ 
tion  densities  or  relative  abundance;  Pesti¬ 
cide  formulation (s)  and  application (s)  In- 
idudlng  details  of  spraying  equipment,  meth¬ 
ods,  and  weather  conditions. 

Statistical  design  and  methods  of  analysis; 
Weather  data  collection;  Analytical  methods 
for  residue  determinations;  Clinical  data 
methods;  Reproductive  study  methods;  Car¬ 
cass  search  methods;  Other  methods  utilized. 

Results 

Mortality — ^number,  dates,  etc.;  Signs  of 
intoxication;  Bird  and  mammal  census  re¬ 
sults;  Arthropod  numbers  and  biomass;  Food 
habits  data.  If  any;  Necropsy  observations; 
Residue  analjrsis  results;  Weather  data  and 
Inclusive  dates  of  test;  Results  of  nest 
studies,  fledgling  observations,  and  other 
studies  of  effects  on  reproduction  of  resident 
wildlife;  Integration  of  all  data  into  a  pic¬ 
ture  of  the  total  ecology  of  the  introduction 
of  the  pesticide. 

Summary  and  Conclusions 

Potential  hazards  to  wildlife  should  be 
estimated  with  full  consideration  of 
possible  Indirect  effects  due  to  ecological 
dlstiu-bances. 
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ExHXBir  1 

VERTEBRATES — SMALL  MAMMALS 

Sampling  Methods — ^Live  Trapping 

Small  mammal  populations  will  be 
sampled  by  marking,  releasing,  and  recap- 
tmlng  animals  in  grids  of  live  traps.  Where 
possible  a  grid  should  be  established  and  run 
on  each  grazing  treatment.  The  grids  will 
consist  of  12  X  12  stations,  with  two  traps 
per  station.  Stations  will  be  15  m  apart.  Each 
grid  will  cover  an  area  of  6.8  acres  (2.7  ha). 
There  will  be  at  least  five  consecutive  days 
of  trap-mark-release  on  the  grids.  This  will 
be  followed  by  five  consecutive  days  of  trap- 
mark-release  on  assessment  lines.  This  will 
provide  basic  data  for  estimation  of  popula¬ 
tion  densities.  Density  of  major  species  will 
be  estimated  four  times  during  the  year  at 
the  southern  sites  (Jornada  and  Pantex) 
and  three  times  at  the  other  sites. 

Rodents  will  be  marked  by  a  system  of  toe 
amputation  and/or  with  numbered  metal  ear 
tags.  Pig.  1  shows  the  method  to  be  used. 
Looking  at  the  underside  of  the  animal,  the 
feet  are  read  from  left  to  right  and  top  to 
bottom  to  give  the  four  digits  of  the  identifi¬ 
cation  number,  one  digit  per  foot.  The  toes 
on  each  foot  are  read  from  left  to  right.  If 
there  are  foiur  toes  on  the  foot,  then  there 
are  four  possible  numbers  that  can  be  as¬ 
signed  to  that  particular  foot:  1,  2,  3,  or  4. 
If  there  are  five  toes  on  the  foot,  theiw  are 
five  possible  niunbers.  Clipping  of  one  toe 
from  each  foot  gives  a  four-digit  identifica¬ 
tion  number.  Animals  with  toes  like  the  il¬ 
lustration  will  provide  a  possible  899  differ¬ 
ent  combinations  of  four-digit  numbers  to 
be  assigned  to  that  species.  This  requires 
clipping  of  no  more  than  one  toe  per  foot. 
In  the  case  of  a  natural  amputation  which 
occiirs  after  marking,  there  will  be  two  toes 
missing  from  the  foot.  In  such  cases  (pro¬ 
vided  that  the  natural  amputation  cannot 
be  distinguished  from  the  artificial),  that 
digit  of  the  Identification  number  is  indi¬ 
cated  as  a  9. 


Fig.  1.  Four-digit  nuabtr  for  rodont  aarklog. 

This  system  often  permits  the  original  Iden¬ 
tity  of  the  animal  to  be  determined  without 
confusion. 

Trapping  on  assessment  lines  will  permit 
estimation  of  the  area  sampled  by  the  grid. 
Animals  captured  on  the  assessment  lines 
are  examined  to  see  If  they  were  marked  on 
the  grid.  Unmarked  animals  will  not  be 
marked.  All  animals  trapped  will  be  released. 
Interstation  Interval  on  these  lines  will  be 
15  m  with  two  traps  per  station.  Eight  assess¬ 
ment  lines  will  be  established  per  grid.  Four 
of  the  lines  will  bisect  the  comer  angles  of 
the  grid  and  will  extend  37.5  m  Into  the  grid. 
The  other  four  lines  will  be  perpendicular 
bisectors  of*  the  grid  sides  and  will  extend 
67.5  m  into  the  grid.  All  eight  lines  should 
extend  out  172.6  m  from  the  grid.  Diagonal 
lines  will  thus  have  15  sets  each,  and  per¬ 
pendicular  lines  17  sets  each — for  a  total  of 
256  traps  (two  traps  per  set).  The  assess¬ 
ment  line  which  bisects  Row  1  of  the  grid 
will  be  Line  1,  and  the  other  lines  vfUI  be 
numbered  sequentially  in  a  clockwise  direc¬ 
tion.  Trap  stations  on  each  line  will  be  num¬ 
bered  sequentially  with  the  outermost  trap 
on  each  line  being  Trap  1.  Fig.  2  shows  the 
design  of  the  grid  and  assessment  lines. 
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•  T/ap  stations  on  asscssiMat  lines  (shown  only  for  Unas  1  and  !)• 
On^n  Crid  atatkMis  (only  corner  stations  shoMi). 


Fig.  2.  Small  mammal  trap  grid  and  assessment  lines  (rtot  drawn  to  scale). 


S&ICPLINO  METHCKMS — SNAP  TKAFPINC 

Kill  tn^ipln^  will  b»  oonducted  to  obtain 
information  on  dleta.  Xn  tbe  process,  some 
demographic  data  will  be  derived  from  these 
specimens.  Animals  trapped  will  be  removed 
and  saved  for  autopsy.  At  autopsy  the  tml> 
mals  will  be  weighed  and  measured;  the  testes 
of  the  males  will  be  meastuwd  to  the  nearest 
TnUllmeter,  both  length  and  width.  For  fe¬ 
males,  the  condition  of  the  mammary  glands 
and  the  reproductive  tracts  will  be  recorded. 
Nipples  may  be  small  (non-lactating,  nulll- 
parous  females) ;  enlarg^  but  imt  prominent 
(non^actating,  parous  females);  or  enlarged 
and  prominent  (lactating,  parous  females). 
The  total  number  of  embryos  will  be  re¬ 
corded,  Including  those  that  appear  to  be 
abnormal  or  rescuhing.  The  number  being 
resorbed  will  be  recorded  separately  and  will 
include  only  those  omlnyoe  which  are  dis¬ 
tinctly  smaller  and  undergoing  tissue  lysis 
and  dlscM^anlzation.  The  embryo  length  will 
be  recorded  as  the  crown-rump  length  In 
millimeters  of  the  embryo  as  it  lies  in  its  nor¬ 
mal  position.  The  total  weight  of  the  em¬ 
bryos  and  reproductive  tract  combined  will 


be  recorded  to  the  nearest  0.01  g.  Numbers  of 
new  and  old  placental  scars  will  be  recorded. 
New  scars  are  distinguished  by  plentiful 
blood  supply  to  the  Implantation  site  and/ 
or  a  large  amount  of  dark  pigment  deposited 
at  the  site.  Old  scars  are  distinguished  by 
lack  of  blood  supply  and  fainter  pigmenta¬ 
tion.  The  number  of  corpora  lutea  can  be 
determined  from  the  Intact  ovaries  by  ex¬ 
amining  the  surface  of  the  ovaries  for  firm, 
spheroidal,  pinkish  to  yellowish  structures. 

Total  stomach  contents  of  all  individuals 
of  each  major  species  will  be  preserved  in 
Formalin  and  labeled.  The  label  should  con¬ 
tain  the  fcdlowlng  Information:  L  site,  il. 
date  ooDected,  111.  collector’s  number,  iv. 
code  for  genus  and  species,  v.  sex,  and  vi.  age 
(adult  or  Juvenile) . 

SAMPLING  MSTHODB - ^POCKET  GOPHEKS 

Pocket  gophers  will  be  censued  by  a 
mark-release-recapture  method.  Live  traps 
will  be  set  in  exposed  burrows  where  animal 
activity  is  evident. 

[FR  Doc.75-14961  Piled  6-24-75; 8: 45  am] 
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